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(57) Abstract 

Engineered particles are provided for the deliveiy of a bioactive agent to the respiratory tract of a patient. The particles may be used 
in the form of dry powders or in the forni of stabilized dispersions comprising a nonaqueous continuous phase. In particularly preferred 
embodiments the particles may be used in conjunction with an inhalation device such as a dry powder inhaler, metered dose inhaler or a 
nebulizer. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Fmland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australh 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeitaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herze^vina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baxtados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


THirkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 




BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Ttinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Cenlral African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Nedierlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzsuui 


NO 


Norway 


zw 


Zimbabwe 


CI 


COte d'lvohe 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Pfedcration 






DE 


Germany 


U 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EB 


Estonia 


LK 


Liberia 


SG 


Sing^wre 







wo 99/16419 



PCT/US98/20602 



PERFORATED MICROPARTICLES AND METHODS OF USE 
ii^M of the Invention 

The present invention reletes to formulations and methods for the production of perforated 
microstructures which comprise en active agent. In particularly preferred embodiments, the active agent will 
comprise a bioactive egent. The perforated microstructures will preferably be used in conjunction with 
inhalation devices such as a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary or nasal routes. 

Backoround of the invention 

Targeted drug deSvery means are particularly desirable where toxicity or btoavailabiEty of the 
phannaceutical compound is an issue. Specific drug delivery methods and compositions that effectively deposit the 
compound at the site of action potentially seive to mirinuze toxic side effects, lower dosing requirements and 
decrease therapeutic costs. In this regard, the development of such systems for pubnonaiy drug delivery has long 
been a goal of the pharniaceutical industry. 

The three most common systems presently used to deliver drugs locally to the pulmonary air passages are 
dry powder inhalers (DPIsh metered dose inhalers (MDIs) and nebulizers. MDIs; the most popular method of 
inhalation administratiorv may be used to deOver medicaments in a sdubOized form or as a dispersion. Typically MDIs 
comprise a Freon or other rdatively high vapor pressure propelant that forces aerosolized medication into the 
respiratory tract upon activation of the device. Unlike MDIs, DPIs generally rely entirely on the patient's inspiratory 
efforts to introduce e medicament in a dry powder fonn to the lungs. Finally, nebulizers fomi a medcament aerosol 
to be inhaled by imparting energy to a Ikfiid solution. More recently, direct pubnonary deEvery of drugs during Squid 
ventilation or pulmonary lavage using a fluorochemical medium has also been explored. While each of these methods 
and associated systems may prove effective in sdected situstions, inherent drawbacks, including formulation 
limitations, can limit their use. 

The MDI is dependent on the propulsive force of the propellent system used in its manufscture. 
Traditionally, the propellant system hes consisted of a mixture of chtorofluorocerbons (CFCsl which are 
selected to provide the desired vapor pressure and suspension stability. Currently, CFCs such as Freon 11, 
Freon 12, and Freon 114 are the most widely used propellants in aerosol formidations for inhalation 
administration. While such systems may be used to deliver solubilized drug, the selected bioactive agent is 
typically incorporated in the form of e fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation in such systems, surfactants are often used to coat the surfaces of the bioective 
agent and assist in wetting the particles with the eerosol propellant. The use of surfactants in this way to 
maintain substantially uniform dispersions is said to "stabilize" the suspensions. 
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Unfortunately, traditional cHoroftuorocarbon propellents are now believed to deplete stretospheric 
ozone and, as a consequence, are being phased out. This, in turn, has led to the development of eerosol 
formulations for pulmonary drug delivery employing so^elled environmentelly friendly propellents. Classes of 
propellants whidi are believed to have minimel ozone-depletion potential in comparison with CFCs are 
5 perfluorinated compounds (PFCsl end hydrofluoroalkanes (HFAs). While selected compounds in these classes 
may function effectively as biocompatible propellants, many of the surfactants that were effective in 
stsbilizing drug suspensions in CFCs are no longer effective in these new propellent systems. As the solubility 
of the surfactant in the HFA decreases, diffusion of the surfactant to the interface between the drug particle 
and HFA becomes exceedingly slow, leading to poor wetting of the medicament particles and a loss of 

10 suspension staUlity. This decreased solubility for surfactants in HFA propellants is likely to result in 
decreased efficecy with regerd to eny incorporeted bioective egent. 

More generally, drug suspensions in liqind fluorochemicals, including HFAs, comprise heterogeneous 
systems which usually require redispersion prior to use. Yet, because of fectors such as patient compliance 
obtaining a relatively homogeneous (Sstribution of the phermaceutical compound is not always easy or 

1 S successful. In addition, prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles which can result in inedequate delivery of the drug. Crystal growth of the suspensions via 
Ostwaid ripening may also lead to perticle size heterogeneity and can significantly reduce the shelMife of the 
formulation. Another problem with conventionel dsperstons comprising micronized dispersents is particle 
coarsening. Coarsening may occur via severd mechanisms such es flocculation, fusioa molecular diffusion, 

20 and coalescence. Over a relatively short period of time these processes can coarsen the formulation to the 
point where it is no longer ussble. As such, while conventionel systems comprising fluorochemical 
suspensions for MOis or liquid ventilation ere certeinly a substantial improvement over prior art non- 
fluorochemical delivery vehicles, the drug suspensions may be improved upon to enable formulations with 
improved stebility that also offer more efficient and eccurete dosing et the desired site. 

25 Similarly, conventional powdered preperetions for use in DPIs often fail to provide accurate, 

reproducible dosing over extended periods. In this respect, those skilled in the art will appreciate that 
conventional powders (i.e. micronized) tend to eggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size end increeses in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 

30 particulariy, fine particle eggregetion disrupts the aerodynemic properties of the powder, thereby preventing 
large amounts of the aerosolized medicement from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art formulations have 
typically used large cerrier pertides comprising lectose to prevent the fine drug pertides from aggregating. 
35 Such carrier systems allow for at least some of the drug pertides to loosely bind to the lactose surface end 
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disengage upon inhalation. However, substantial amounts of the drug fail to disengage from the large lactose 
particles and are deposited in the throat. As such, these cemer systems are relatively inefficient with 
respect to the fine particle fraction provided per actuation of the DPI. Another solution to particle 
aggregation is proposed in WO 98/31346 wherein particles having relatively large geometric diameters (i.e. 
S preferably greater than 10 //ml are used to reduce the amount of particle interactions thereby preserving the 
flowability of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preparation reportedly resulting in improvements in flowabflity and fine 
perticle fraction. Unfortunately, the use of rdetively large particles may result in dosing limitations when 
used in standard DPIs and provide for less than optimal dosing due to the potentially prolonged dissolution 
1 0 times. As such, there still remains a need for standard sized particles that resist aggregation and preserve the 
flowability and dispersibility of the resulting powder. 

Accordingly, it is an object of the present invemion to provide methods and preparations that 
advantageously allow for the nasal or pulmonary administration of powders having relatively high fine particle 
frections. 

15 It is a further object of the present invention to provide stabilized preparations suitable for aerosolization 

and subsequent adnnnistration to the pulmonary air passages of a patient in need thereof. 

It is yet another object of the present invention to provide powders that may be used to provide stabilized 
(fispersions. 

It is stOI a further object of the present invention to provide powders exhibiting relatively low cohesivB 
20 forces that are compatible for use in dry powder inhalers. 

Summary of the Invention 

These and other objects are provided for by the invention disclosed and claimed herein. To that end, the 
methods and associated compositions of the present invention provide, in a broad aspect, for the improved delivery of 

25 agents to a desired site. More particularly, the present invention may provide for the delivery of bioactive agents to 
selected physiological target sites using perforated microstructure powders. In preferred embodiments, the bioective 
agents are in a fonn for administration to at least a portion of the pulmonary air passages of a patient in need 
thereof. To that end, the present invention provides for the fomietion and use of perforated microstructures and 
ddivery systems comprising such powders, as well es indhridual components thereof. The disclosed powders may 

30 further be dispersed in selected suspension media to provide stabiiized dispersions. Unlike prior art powders or 
dispersions for drug delivery, the present invention preferably employs novel techniques to reduce attractive forces 
between the pertides. As such, the dsclosed powders exhibit improved flowebiOty and dispersibilty while the 
disclosed dispersions exhibit reduced degradation by flocculatioa sedimentation or creaming. Moreover, the 
stablized preparations of the present invention preferably comprise a suspension medium teg. a fluorochemicel) that 

3 5 further serves to reduce the rate of degradation with respect to the incorporated bioactive agent. Accordingly, the 
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dispersions or powders of the present invention mey be used in conjunction vuith nnetered dose inhalers, dry powder 
inhalers atonvzers, nebulizers or liquid dose instillation (LDI) techniques to provide for effective drug delivery. 

With regard to particularly preferred embodiments, the hollow andfor porous perforated microstructures 
substantially reduce attractive molecular forces, such es vsn der Weals forces, which dominate prior art powdered 
S preparations and dispersions. In this respect the powdered compositions tyiscally have relatively low bulk densities 
which contribute to the flowebility of the preparations while providing the desired characteristics for inhalation 
therapies. More particulariy, the use of relatively low density perforated (or porous) microstructures or 
microparticulates significantly reduces attractive forces between the particles thereby lowering the sheer forces and 
increasing the flowability of the resuhing powders. The relatively low density of the perforated microstructures also 

10 provides for superior aerodynamic perfonnance when used in inhalation therapy. When used in dispersions, the 
physical characteristics of the powders provide ia the fonnation of stable preparations. Moreover, by selecting 
dispersion components in accordance with the teachings herein, interpartide attractive forces may further be 
reduced to provide formulations having enhenced stsUity. 

Accordingly, select embodments of the invention provide for powders having increased cSspersibility 

1 S comprising a plurality of perforated microstructures having a bulk density of less than about 0.5 g/cm^ wherein 
said perforated microstructure powder comprises an active agent 

With regard to the perforated microstructures, those skiDed in the art will appreciate that they may be 
formed of eny biocompatible material provicSng the desired physical characteristics or morphology. In this respect, 
the perforated microstructures will preferebly comprise pores, voids, defects or other interstitial spaces that act to 

20 reduce attractive forces by minimizing surface interactions and decreasing shear forces. Yet given these 
constraints, it will be eppreciated that any material or configuration may be used to form the microstructure matrix. 
As to the selected materials, it is desirsUe that the microstructure incorporates et least one surfactant. PreferaUy, 
this surfactant will comprise a phosphoSpid or other surfactant approved for pulmonary use. Simiiariy, it is preferred 
that the microstructures incorporate at least one ective egent which may be a bioactive agent. As to the 

25 configuration, particularly preferred embocfiments of the invention incorporate spray dr»d, hollow microspheres 
having a relatively thin porous wall defining a large internal void, although, other void contaning or perforated 
structures are contemplated es well. In preferred embodiments Uie perforated microstructures will further comprise 
a bioactive agent. 

Accordingly, the present invention provides for the use of a Uoacthre egent in the manufacture of e 
30 medcament for pulmonary delivery whereby the medicament comprises e plurality of perflated microstructures 
which are aerosolized using an inhalation device to provMe eerosolized medk:ement comprising sad bioactive agent 
wherein said eerosolized medicanent is administered to at least a portion of the nasal or puknonaiy air passages of e 
patient in need thereof. 

It will hjfther be appreciated that in selected embodiments, the present invention C(snprises methods for 
3 S forming perforated microstructures that exhibit improved ifispersibility. In this regard, it will be appreciated that the 
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disclosed perforated microstructures reduce attractive moleculBr forces, such es van der Weals forces, which 
dominate prior art powdered preparations. That is, unlike prior ert preperations comprising relatively dense, solid 
partides or nonporous particles |e.g. micromzed), the powdered compositions of the present invention exhibit 
increased flowaUBty and dispersiiiiity due to the lower shear forees. In part, this reduction in cohesive forces is a 
5 result of the novel production methods used to provide the desired powders. 

As suchr preferred embodiments of the invention provide methods for forming a perforated 
microstructure comprising the steps of: 

provittng a liquid feed stock comprising en active agent; 

atomizing said liqud feed stock to produce dispersed Fiquid droplets; 
1 0 drying said Squid droplets under predetermined conditions to form perforated microstructures comprising 

said active agent; and 

collecting said perforated nucrostructures. 

With regerd to the fonnation of the perforated microstructures it will be eppredated that, in preferred 
embodiments, the partides will be spray dried using commerdally available equipment. In this regard the feed stock 

I S w3l preferably comprise e blowing egent that may be selected from fluorineted compounds and nonfluorinated oils. 
Preferably, the fhiorinated compounds wil have a boiling point of greater than about 60*^6. Within the context of the 
instant invention the fluorineted blowing agent mey be retained in the perforated microstructures to further increase 
the dspersibifity of the resulting powder or improve the stsbtEty of dispersions incorporsting the same. Further, 
nonfluorinated oils mey be used to increese the solubility of selected bioective agents {e.g. sterdds) in the feed stock, 

20 resulting in increased concentretions of bioective agents in the perforated microstructures. 

As discussed above, the dispersibility of the perforeted microstructure powders may be increased by 
reducing, or minimizing, the van der Weals attractive forces between the constituent perforeted 
microstructures. in this regard, the present invention further provides methods for increasing the disperdbiity 
of a powder compridng the steps of: 

25 providing e liquid feed stock comprising an active agent; and 

spray drying said liqtdd feed stock to produce a perforated microstructure powder having a bulk density of 
less than about 0.5 g/cm^ wherein sdd powder exhibits reduced van (fer Wads attractive forces when compared to a 
rdathrdy non-porous powder of the seme compodtion. In particdariy preferred embodiments the perforated 
microstructures will comprise hdlow, porous microspheres. 

30 The blowing egent may be dispersed in the carrier udng techniques known in the ert for the 

production of homogenous dispersions such a sodcation, mechanical mixing or high pressure homogenization. 
Other methods contemplated for the dispersion of blowing agents in the feed solution indude co*mixing of 
two fluids prior to atomization as described for double nebdization techniques. Of course, it will be 
eppredated that the atomizer can be customized to optimize the dedred particle characteristics such as 

3S partide size. In spedd cases a double liquid nozzle may be employed. In another embodiment, the blowing 
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agent may be dispersed by introducing the agent into the solution under elevated pressures such as in the 
case of nitrogen or carbon dioxide gas. 

As to the delivery of perforated microstructure powders or stabilized dispersions, another aspect of 
the present invention is directed to inhalation systems for the administration of one or more bioactive agents 
5 to a patient. As such, the present invention provides systems for the pulmonary administration of a bioactive 
agent to a patient comprising: 

an inhdation device comprising a reservrir; and 

a powder in said reservoir wherein said powtter comprises a plurality of perforated microstructures having 
a bulk density of less than about 0.5 qiat? whersn seid perforated microstructure powder comprises a bioactive 

1 0 agent whereby said inhalation device provides for the aerosolized admirastration of said powder to at least a portion 
of the pulmonary air passages of e patient in need thereof. As elluded to above, it wiH be apprecieted that an 
inhalation device may comprise an attmiizer, a sprayer, a dry powder inhaler, a metered dose inhaler or a nebulizer. 
Moreover, the reservior mey be e unit dose container or bulk reservior. 

In other emocKments, the perforated microstructure powders may be dispersed in an appropriate 

1 S suspension medium to provide stabilized dispersions for delivery of e selected agent Such dispersions are particulariy 
useful in metered dose inhalers and nebulizers. In tins regard, particdarty preferred suspenaon mediums comprise 
fluorochemicals ie.g. perfluorocarbons or fluorocarbons) that are liquid at room temperature. As discussed above. It 
is well established that many fluorochemicals have a proven history of safety and biocompatibility in the lung. 
Further, in contrast to aqueous sohjtions, fluorochemicals do not negatively impact gas exchange. Moreover, 

20 because of their unique wettability characteristics, fluorochenvcals may be able to provide for the dspersion of 
panicles deeper into the lung, thereby improving systemic deDvery. Finally, many fluorochemicals are also 
bacteriostatic thereby decreasing the potentiel for microbial growth in compatible preparations. 

Whether administered in the form of a dry powder or stebilized dispersion, the present invention provides 
for the effective delivery of bioactive agents. As used hereia the ternis "bioective agent" refers to a substance 

25 wlich is used in connection with an application that is therapeutic or diagnostic in nature, such as methods for 
diagnosing the presence or absence of e disease in a patient and/or methods for treating (fisease in a patient. As to 
compatible bioactive agents, those sidlled in the art will appreciate that any therapeutic or diagnostic agent may be 
incorporated in the stabiBzed dispersions of the present invention. For exempli the bioactive agem may be selected 
from the group consisting of antiallergics. bronchodilators, bronchoconstrictors, pulmonary lung surfactantSr 

30 analgesics, antibiotics, leukotriene inhibitors or entagonists, anticholinergics, mast cell inhibitors, antiNstamines. 
antiinflammatories, antineoplastics, anesthetics, anti-tuberculous; imaging agents, cardiovascular agents, enzymes, 
steroids, genetic materid, viral vectors, antisense agents, proteins, peptides and combinations thereof. In prefeired 
embodiments the bioactive agents comprise compounds which are to be administered systemfcally |i.e. to the 
systemic circuletion of a patient) such as peptides, proteins or polynucleotides. As will be disclosed in more detail 
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below, the bioactive agent may be incorporated blended in, coated on or otherwise associated with the perforated 
microstructure. 

Accordingly, the present invention provides methods for the pulmonary delivery of one or more bioactive 
agents comprising the steps of: 

S provicfing a powder comprising a plurality of perforated microstructures having e bulk density of less 

than about 0.5 g/cm' wherein said perforated microstructure powder comprises a bioacthre agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
atkninisteriiq a therapeutically effective amount of said aerosoized medicament to at least a portion of the 
nasal or pulmonary passages of a patient in need thereof. 
10 As used herein the term ''aerosolized" shall be held to mean a gaseous suspension of fine solid or 

liquid particles unless otherwise dictated by contextual restrsints. That is, an aerosol or aerosolized 
medicament may be generated, for example, by a dry powder inhaler, a metered dose inheler, an atomizer or a 
nebulizer. 

With respect to the disclosed powders, the selected agent or bioactive agent, or agent$, may be used as 
15 the sde structural component of the perforated microstructures. Conversely, the perforated microstructures may 
comprise one or more components (i.e. structural materials, surfactants, exdpients, etc.) in addition to the 
incorporated agent. In particulariy preferred onbodiments, the suspended perforated microstructures will comprise 
relativdy high concentrations of surfactant (greater than about 10% w/wl along with an incorporated bioactive 
agent(s). Rnaliy, it should be appr»:iated that the particulate or perforated microstmcture may be coated, linked or 
20 othenAAse ass«:iated with an agent or bioactive agem in a non-integral manner. Whatever configuration is setectei 
it will be appreciated that any associated bioactiva agent may be used in its natural form, or as one or more salts 
known in the art. 

While the powders or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary administration of bioactive agents, they may also be used for the localized or systemic 
25 administration of compounds to any location of the body. Accordingly, it should be emphasized that, in 
preferred embodiments, the formulations may ba administered using a number of different routes including, 
but not limited to, the gastrointestinal tract, the respiratory tract topically, intramusculariy, intraperitoneally, 
nasally, vaginally, rectally, aurally, orally or ocularty. 

Other objects, features and advamages of the present invention will be apparent to those skilled in the art 
30 from a consideration of the following detailed description of preferred exemplary embodiments thereof. 

Brief Description of the Drawings 

Figs. 1A1 to 1F2 illustrate changes in particle morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phospholipid (PFC/PCl present in the spray dry feed. The micrographs, 
35 produced using scanning electron microscopy and transmission electron microscopy techniques, show that in 
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the absence of FCs, or at low PFCfPC ratios, the resulting sprey dried microstructures comprising gentamidn 
sulfate are neither particularly hollow nor porous. Conversely, at high PFC/PC ratios, the particles contain 
numerous pores and are substantially hollow with thin walls. 

Fig. 2 depicts the suspension stability of gentamicin particles in Perftubron as a function of 
S formulation PFCfPC ratio or particle porosity. The particle porosity increased with increasing PFC/PC ratio. 
Maximum stability was observed with PFCfPC ratios between 3 to 15, illustreting e preferred morphology for 
the perflubron suspension meda. 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium illustrating a preferred hollowlporous morphology. 
10 Figs. 4A to 40 are photographs illustrating the enhanced stability provided by the dispersions of the 

present invention over time es compared to a commercial cromolyn sodium formulation (Intel*, Rhone-Poulenc- 
Rorer). In the photographs, the commercial formulation on the left rapidly separates while the dispersion on 
the right formed in accordance with the teachings herein, remains stable over an extended period. 

Fig. 5 presents results of in-vitro Andersen cascade impactor studies comparing the same hollow 
IS porous albuterol sulfate formulation delivered via a MDI in HFA-134e, or from an exemplary DPI. Efficient 
delivery of pertides was observed from both devices. MDI delivery of the particles wes maximized on plate 4 
corresponding to upper airway delivery. DPI delivery of the particles results in substantial deposition on the 
later stages in the impactor corresponding to improved systemic delivery in-vivo. 

20 Detailed Description Preferred Emhodimmts 

While the present invention may be embodied in many (Efferent forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphesized thet 
the present invention is not limited to the specific embodiments illustrated. 

As discussed above, the present invention provides methods, systems end compositions thet 

25 comprise perforated microstructures which, in preferred embodiments, may advantageously be used for the 
delivery of bioactive agents. In particularly preferred embotiments, the cfisdosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the form of a stabilized dispersion |e.g. as in a MDI, 
LDI or nebulizer formulation) to deliver bioactive agents to the nasal or pulmonary air passeges of a patient. It 
will be appreciated that the perforated microstructures disdosed herein comprise a structural matrix that exhibits, 

30 defines or comprises vdds, pores, defects, hdlows, spaces, interetitid spaces, apertures; perforations or hdes. The 
absdute shape (as opposed to the morphdogy) of the perforated microstructure is generdly not criticd and any 
overdi configuration that provides the desired characteristics is contemplated as bang within the scope of the 
invention. Accordingly, prefen-ed embodiments can comprise epproximatdy microsphericd shapes. However, 
cdlapsed, defomied or fractured particdates are also compatible. With this caveat, it vuil further be appredated 

3 5 that particdariy preferred embodiments of the invention comprise spray dried hdlow, porous microspheres. In any 
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case the disclosed powders of perforated microstructures provide several advantages including^ but not limited to, 
increases in suspension stability, improved cfispersibility, superior sampling characteristics, elimination of 
carrier particles and enhanced aerodynamics. 

Those skilled in the art will appreciate thet meny of these aspects are of particular use for dry 
5 powder inheler epplications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduce cohesive forces between dry particles, thereby minimizing particulate aggregation 
which can result in an improved delivery efficiency. As such, the disclosed preparations provide a highly 
flowaUe, dry powders that can be efficiently aarosolized, unifonnly delivered end penetrete deeply in the lung 
or nasal passages. Furthemiore, the perforeted microstructures of the present invention result in surprisingly 

1 0 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have relatively low bulk density, 
allowing the powders to provide superior sampling properties over compositions known in the art. Currently, 
as explained above, many commercial dry powder formulations comprise large lactose particles which have 
micronized drug aggregated on their surface. For these prior art formulations, the lactose particles serve es a 

15 carrier for the active agents end as a bulking agent, thereby proviifing means to partially control the fine 
particle dose delivered from the device. In addtlon, the lactose particles provide the means for the 
commercial filling capability of dry particles into unit dose containers by adding mass and volume to the 
dosage form. 

By way of contrast, the present invention uses methods end compositions thet yield powder 

20 formulations having extraordinarily low bulk density, thereby redudng the minimal filling weight that is 
commercially feasible for use in dry powder inhalation devices. That is, most unit dose conteiners designed 
for OPIs are filled using fixed volume or gravimetric techniques. Contrary to prior art fomiulations, the 
present invention provides powders wherein the active or bioactive agent and the incipients or bulking agents 
make up the entire inhaled particle. Compositions according to the present invention typicelly yield powders 

25 with bulk densities less than 0.5 g/cm^ or 0.3 gfcrn^ preferably less 0.1 gfcm^ and most preferably less than 
0.05 g/cm\ By providing particles with very low bulk density, the minimum powder mass that can be filled 
into a unit dose container is reduced, which eliminates the need for carrier particles. That is, the relatively 
low density of the powders of the present invention provides for the reprodudble adminbtration of relatively 
low dose phannaceutical compounds. Moreover, the elimination of carrier particles will potentially minimize 

30 throat deposition and any "gag" effect, since the large lactose particles will impact the throat and upper 
airways due to their size. 

In accordance with the teachings herein the perforated microstructures will preferably be provided 
in a "dr/' state. That is the microparticles will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at ambient temperature and easily dispersible. As such, the 

35 moisture content of the microparticles is typically less than 6% by weight, and preferably less 3% by weight. 
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In some instances the moisture content will be as low as 1 % by waght. Of course it will be appreciated that 
the moisture content is, at least in part, dictated by the formulation and is controlled by the process 
conditions employed, e^g^ inlet temperature, feed concentration, pump rate, and blowing agent type, 
concentration and post drying. 

5 With respect to the composition of the strxtural matrix defining the perforated nricrostructures, they may 

be fomied of any material which possesses phyacd and chemical characteristics that are compatible with any 
incorporated actwe agents. While e wide variety of materials may be used to form the particles, in particuiariy 
prefen^ phamtacmitical embodiments the structural matrix is associated with, or comprises, a surfactant such as 
phospholipid or fluorinated surfactant. Although not requrad, the incorporation of a compatibia surfactant can 

10 imiffove powder flowability, increase aerosol efficiency, improve dispersion stability, and facilitate preparation of a 
suspension. It wfll be appiedated that, as used herein, the terms "structural matrix" or "microstnicture matrix" are 
equivalent and shafl be held to mean any solid material forming the perforated microstructures which define a 
plurality of voidSr apertures, holow^ defects, pores, holes, fissures, etc that provide the desired characteristics. In 
preferred embodiments, the polorated microstructure defined by the structural matrix comprises a spray dried 

1 S hollow porous iracrosphere incorporatiiq at least one surfactant. It will f urth^ be i^predated that by altering tte 
matrix components, the density of the structursl matrix may be adjusted. Finally, as will be discussed in further 
detail below, the perforated microstructures preferably comprise at least one active or bioactive agent. 

As indicateti the perforated microstructures of the present invention may optionally be associated with, or 
comprise, one or more surfactants. Moreover, miscible surfactants may optionally be combined in the case where 

20 the microparticles are fomiulated in a suspension medium liquid phase. It will be appreciated by those skilled in tte 
art that the use of surfactants, while not necessary to practice the instant invention, may further increase dispersion 
stebility, powder flowability, simpBfy fonnuiation procedures or increase effidency of cyvery. Of course 
combinations of surfactants, induing the use of one or more in the liqud phase and one or more assodated with the 
perforated microstmctures are contemplated as being within the scope of the invention. By "assodated with or 

25 comprise" it is meart that the structural matrix or perforated microstracture may incorporate, adsorb, absorb, be 
coated with or be formed by the surfactant. 

In a broad sense, surfactants suitable for use in the present invention indude eny compound or composition 
that aids in the formation of perforated micropartides or provides enhaxed suspension stability, improved powder 
dispersibility or decreased partide aggregation. The surfactant may comprise a single compound or any combination 

30 of compounds, such as in the case of co-surfactants. Particularly preferred surfactants ere nonfluorinated and 
selected from the group consisting of saturated and unsaturated lipids, nonionic detergents, nonionic block 
copdymers, ionic surfactants and combinations thereof. In those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium. 
It should be emphasized thet, in addition to the eforementioned surfactants, suitable fluorinated surfactants 

35 are compatible with the teachings herein and may be used to provide the desired preparations. 
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Lipids, including phospholipids, from both natural and synthetic sources are particularty compatible 
with the present invention and may be used in varying concentrations to form the structural matrix. 
Generally compatible lipids comprise those that have a gel to liquid crystal phase transition greater than about 
40'>C. Preferably the incorporated lipids are relatively long chein |i.e. Cig Cjzl saturated lipids and more 
5 preferably comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preperations 
comprise, dipalmitoylphosphatidylcholine, disteroylphosphatidylcholine, diarachidoylphosphatidylcholine 
dibehenoylphosphatidylcholine, short-chain phosphatidyichotines, long-chain saturated 
phosphatidylethanolamines, long-chain saturated phosphatidytserines, long-chain saturated 
phosphatidylgiycerols, long-chain saturated phosphatidylinositols, glycoliplds, ganglioside GM1, sphingomyelin, 

1 0 phosphatidic acid, cardiolipin; lipids bearing polymer chains such as polyethylene glycol, chitin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids beering sulfonated mono-, di-, and polysacchsrides; fatty acids such as palmitic 
add, stearic add, and ddc add; cholesterol, cholesterol esters, and chdesterol hemisuccinate. Due to their 
excdient biocompatifaility characteristics, phospholipids and combinations of phospholipids and poloxamers 
are particularly suitable for use in the pharmaceutical embodiments disdosed herein. 

IS Compatible nonionic detergents comprise: sorbitsn esters including sorbitan trideate (Span^ 85), 

sorbitan sesquideate, sorbitan monodeate, sorbiten mondeurate, polyoxyethylene (20) sorbitan mondaurate, 
and polyoxyethylene (20) sorbitan monooleate, oleyl polyoxyethylene (2) ether, stearyl polyoxyethylene |2) 
ether, lauryl polyoxyethylene (4) ether, glycerd esters, and sucrose esters. Other suitable nonionic detergents 
can be eesily identified using McCutcheon's Emulsifiers and Detergents (McPublishing Co., Glen Rock, New 

20 Jersey) which is incorporated herein in its entirety. Preferred block copdymers include dUock and triblock 
copdymers of pdyoxyethylene and pdyoxypropylene, induding poloxamer 188 IPIurodc* F B8), pdoxamer 
407 IPIuronic* F-127), and pdoxamer 338. Ionic surfactants such as sodium suifosuccinate, and fatty add 
soaps may dso be utilized, in preferred embodiments the microstructures may comprise oleic add or its dkali 
sdt. 

2S addition to the aforementioned surfactants, catiodc surfactants or lipids are preferred espeddly 

in the case of ddivery or RNA or DNA. Examples of sdtable cationic lipids indude: DOTMA, N-n-(2,3 
dioleyloxy)propyll-N,N,N.trimethvlammonium chloride; DDTAP, 1,2-dioleyloxy-3-(trimethylammonio)propane; 
and DOTE, 1.2-dideyl-3-(4'-trimethylammonio)butanoyl sn-glycero!. Pdycationic amino acids such as 
pdylysine, and pdyarginina ere dso coritemplated. 

30 Besides those surfsctants enumerated above, it will further be appredeted that a wide range of 

surfectents may optiondly be used in conjunction with the present invention. Moreover, the optimum 
surfactant or combination thereof for a given application can readily be determined by empirical studies that 
do not require undue experimentation. Rndly, as discussed in more detdl bdow, surfectents comprising the 
structural matrix moy also be useful in the formation of precursor dl-in-water emuldons (i.e. sprey drying feed 

3 5 stock) used during processing to f onn the perforated microstructures. 
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Unlike prior art fonnulations, it has surprisingly been found that the incorporation of relatively high levels of 
surfactants |e.g^ phospholipids) may be used to improve povuder dspersibiSty, increase suspension stability and 
decrease powder eggregetion of the disclosed applications. That is, on a weight to weight basisr the stnjcturel 
matrix of the perforated microstnictures may comprise relatively high levels of surfactant In this regard the 
perforated microstructures will preferably comprise greater than about \%, 5%, 10%, 15%, 18%, or even 20% wiw 
surf Bctant. More pref ^y, the perforated miaostructures will comprise greater then ebout 25%, 30%, 35%, 40%, 
45%, or 50% w/w surfactant. StiD other exemplary embodments will comprise perforated microstnictures wherein 
the surfactant or surfactants are present at greater than about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 
even 95% w/w. In selected embodiments the perforated microstructures wSI comprise essentially 100% w/w of a 
surfactant such as a phospholipid. Those skilled in the art will appreciate that, in such case^ the balance of the 
structural matrix (where epplicaUe) will Gkely comprise a bioactive agent or non surfee active exdpients or 
additives. 

While such surfactant levels are preferably employed in perforated microstnictures, they may be used to 
provide stabilized systems comprising relatively nonporous, or substantidly solid, particulates. That is, while preferred 
embodments will comprise perforated microstnictures associated with high levels of surfectant acceptable 
microspheres may be fomied using relatively low porosity particulates of the same surfactant concentration (i.e. 
greater than about 20% w/w). In this respect such high surfactant embodiments are specifically contemplated as 
being within the scope of the present invention. 

In other preferred embodiments, of the invention the structurel matrix defining the perforated 
microstmcture optionally comprises synthetic or natural polymers or combinations thereof. In this respect u^ul 
polymers comprise polylactides, polylactide-glycolides, cydodextrins, polyacrylates, methyfcellulose, 
carboxymethyiceiyose, polyvinyl alcohols, pdyanhydrides, polylactams, pdyvinyl pyrrdidones, pdysaccharides 
(dextrans, starches, chitin, chitosan, etc.), hyaluronic acid, proteins, (albumirv cdlagea gelatin, etc.). Examples of 
pdymeric resins that would be useful for the preparation of perforated ink micropertides include: styrene- 
butadiene, styrene-isoprene, styrene-acryionitrile, ethylene-vinyl acetate, ethylene-acrylate, ethylene-acrylic 
add, ethylene-methyiacrylatate, ethyleneethyl acrylate, vinyl-methyl methacrylate, ecrylic add-methyl 
methacrylate. and vinyl chloride-vinyl acetate. Those skilled in the art wili appredate that by selecting the 
appropriate polymers, the delivery efficiency of the perforated micropartides and/or the stabiSty of the dspersions 
may be tailored to optimize the effectiveness of the active or bioactive agent 

Besides the aforementioned polymer materials and surfactants, it may be desirable to add other 
exdpients to a microsphere formulation to improve particle rigidity, production yield, ddivery efficiency and 
deposition, shelf-life and patient acceptance. Such optional excipients indude, but are not limited to: coloring 
agents, taste masking agents, buffers, hygroscopic agents, antioxidants, and chemical stabilizers. Further, 
various excipients may be incorporeted in, or edded to, the particulate matrix to provide structure and fonn to 
the perforated microstructures (i.e. microspheres such as latex particles). In this regard it will be appreciated 
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that the rigidifying components can be removed using a post-production technique such as selective solvent 
extraction. 

Other rigicfifying excipients may include, but are not limited to, carbohydrates including 
monosaccharides, disaccharides and polysaccharides. For example, monosaccharides such as dextrose 
(anhydrous and monohydrate], galactose, mannitol, 0-mannose, sorbitol, sorbose and the like; disaccharides 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches (hydroxyethylstarchl, cyclodextrins end maltodextrins. Amino adds are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino acids are further held to 
be witNn the scope of the present invention. The inclusion of both inorganic (e.g. sodium chloride, calcium 
chloride, etc.), organic salts (e.g. sodium citrate, sodum ascorbate, magnesium gluconate, sodium gluconate, 
tromethamine hydrochloride, etc.) and buffers is also contemplated. The inclusion of salts and organic solids 
such as ammonium carbonate, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred embodiments include perforated microstructures that may comprise, or may be coated 
with, charged species that prolong residence time at the point of contact or enhance penetration through mucosae. 
For example, anionic charges are known to favor mucoaifiiesion wMe cationic charges may be used to associate the 
formed microparticulate with negetively charged bioactive agents such as genetic material. The charges may be 
imparted through the association or incorporation of pdyanionic or pdycationic materials such as polyacryiic adds, 
pdylysine, polylectic add and chitosan. 

In addition to, or instead of, the components (fiscussed ebove, the perforated microstructures will 
preferably comprise at least one active or doacthre agent. As used herein, the term "active agent" simply refers to a 
substance that enables the perforated nucrostructures to perfonn the desired function. Further, the term "active 
agent" shall be held indudve of the term "bioactive agent" unless otherwise dictated by contextual restrdnts. 
As to the temi "Uoactive agent" it shall be held to comprise eny substance that is used in connection with the 
diagnosis or treatment of a disease, condition or physidogicd abnormdity in a patient. Particularly prefened 
bioactive agents for use in accordance with the invention indude anti-allergics, peptides and proteins, pdmonary lung 
surfactants, bronchodlators and anti inflammatory sterdds for use in the treatment of respiratory disorders such as 
asthma by inhdation therapy. Preferred active agents for use in accordance with the present invention indude 
pigments, dyes, inks, pdnts, detergents, food sweeteners, spices, adsorbents, absorbents, catdysts, 
nucleating agents, thickening agents, pdymers, redns, insulators, fillers, fertilizers, phytohormones, insect 
pheromones, insect repellents, pet repellents, entifouling agents, pestiddes, fungiddes, didnfectants, 
perfumes, deodorants, and combinations of thereof. 

It vuill be appredated that the perforated microstructures of the present invention may exdudvely 
comprise one or more active or bioactive agents |i.e. 100% wfw). However, in selected embodiments the perforated 
microstructures may incorporate much less bioactive agent depending on the activity thereof. Accordingly, for Nghty 
active materids the perforated microstructures may incorporate as little as 0.001% by wdght although a 
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concentration of greater than about 0.1 % wfw is preferred. Otiier embodiments of the invention may comprise 
giaater than about 5%, 10%, 15%, 20%, 25%, 30% or even 40% w/w active or bioactive agent. Still more 
preferably the perforated microstructures may comprise greater than about 50%, W, 70%, 75%, 80% or even 
90% wfw Bctive or bioactive agent. The precise emount of active or bioactive agent incorporated in the perforated 
5 microstructures of the present invention is dependent upon the agent of choice, the required dose^ and the form of 
the agent actually used for incorporetion. Those skilled in the art will appredete that such detenninations may be 
made by using well-known phannacological techniques in combination with the teachings of the present invention. 

With regerd to phemiaceutical preparations, any bioactive agent that may be formulated in the 
disclosed perforated microstructures is expressly held to be within the scope of the present invention. In 

10 particulariy preferred embodiments, the selected bioective egent may be administered in the form of an 
aerosolized medicaments. Accordingly, particulariy compatible bioactive agents comprise any drug that may 
be formulated es a flowable dry powder or which is relatively insoluble in selected dispersion media. In 
addition, it is preferred that the fomnulated agents are subject to pulmonary or nasal uptake in physioiogicsfly 
effective amounts. Compatible bioactive agents comprise hydrophilic and lipophilic respiratory agems, pulmonary 

15 surfactants, . bronchodilators, antibiotics, antivirais, antiinflammatories, steroids, antihist8mink:s» laukotriene 
inhibitors or entegonists, anticholinergics, antineoplastics, enesthetics, enzymes, cerdiovascular agents, genetic 
material including DNA and RNA, viral vectors, immunoactive agents, imaging agems, vaccines^ immunosuppressive 
agents, peptides, proteins and combinations thereof. Particulariy preferred bioactive agents for inhdation 
therapy comprise mast cell inhibitors lanti-aliergics), bronchodilators, and anti-inflammatory steroids such as, 

20 for example, cromoglycate (e.g. the sodium salt), and albuterol (e.g. the sulfate salt). 

More specifically, exemplary medicaments or bioactive agents may be selected from, for example, 
anelgesics, e.g. codeine, dihydromorphine, ergotemine, fentanyl, or morphine; enginal preparations, e.g. 
diltiazem; mast cell inhibitors, e.g. cromolyn sodium; antiinfectives, e.g. cephalosporins, macrolides, quinolines, 
penicillins, streptomycin, sulphonamides, tetracyclines and pentemidine; antihistamines, e.g. methapyrilene; 

25 enti-inflammatoriesr e.g. fluticesone propionate, beclomethasone dipropionate, flunisoiide, budesonide, 
tripedane, cortisone, prednisone, prednisiione, dexamethasone, betamethasone, or triamcinolone acetonide; 
antitussives, e.g. noscapine; bronchodilators, e.g. ephedrine, adreneline, fenoterol, formoteroi, isoprenaline, 
meteproterenol, selbutemol, albuterol, selmeterol, terbutaline; diuretics, e.g. amiloride; anticholinergics, e.g. 
ipatropium, atropine, or oxitropium; lung surfactants a.g. Surfaxin, Exosurf, Survanta; xanthines, e.g. 

30 aminophylline, theophyOine, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafarelin, goserelin, leuprolide, interferon, rhu IL-1 receptor, mecrophege ectivation factors such as 
lymphokines and muramyl dipeptides, opioid peptides end neuropeptides such as enkephalins, endophins, renin 
inhibitors, cholecystokinins, DNAse, growth hormones, leukotriene inhibitors end the like. In eddition, 
bioactive agents that comprise an RNA or DNA sequence, particulariy those useful for gene therapy, genetic 

35 vaccination, genetic ttderization or antisense applications, may be incorporated in the disclosed dispersions as 
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WNIe several procedures are generally compatible with the present invention particdarly preferred 
embodiments typically comprise perforated microstructures fanned by spray drying. As is well known, spray drying 
is B one-step process that converts e liquid feed to a dried particulate form. With respect to pharmaceutical 
applications, it will be appreciated thet spray drying has been used to provide powdered meterial for various 
S administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, A. J. Hickey, ed. Marcel Dekkar, New York, 1996, which 
is incorporated herein by reference. 

In general, spray drying consists of bringing together a highly dispersed liquid, end e sufficient 
volume of hot air to produce evaporation and drying of the liquid droplets. The preparation to be spray dried 

10 or feed (or feed stock! can be any solution, course suspension, slurry, colloidal dispersion, or paste that may 
be atomized using the selected spray drying apparatus. In preferred embodments the feed stock will 
comprise a colloidal system such as an emulsion, reverse emulsion, microemulsion, multiple emulsion, 
particulate dispersion, or slurry. Typically the feed is sprayed into a current of warm filtered air that 
evaporates the solvent and conveys the dried product to a collector. The spent eir is then exhausted with the 

15 solvent. Those skilled in the art will appreciate that several different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by Buchi Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be appreciated that these spray dryers, and specifically their atomizers, may be 
motfified or customized for specialized applications, i.e. the simultaneous spraying of two solutions using a 

20 double nozzle technique. More specifically, a water-in-oil emulsion can be atomized from one nozzle end a 
solution containing an anti^adherent such as mannitol can be co*atomized from a second nozzle. In other 
cases it may be desirable to push the feed solution though a custom designed nozzle using e high pressure fiqud 
chromatography (HPLC) pump. Provided that microstructures comprising the correct morphology and/or composition 
are produced the choice of epparatus is not critical and would be epparent to the skilled artisan in view of the 

25 teachings herein. 

While the resulting spray-dried powdered particles typically are approximately spherical in shape, 
neariy uniform in size and frequently ere hdlow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and dispersibility of the perforated microstructures appears to be improved if an inflating agent (or blowing 

30 agent) is used in their production. Particularly preferred. embodiments mey comprise an emulsion with the 
inflating agent as the disperse or continuous phase. The mflating agent is preferably dispersed with a surfactant 
solution, using, for instance, a commerdaliy available microfluidizer at a pressure of about 5000 to 15,000 psi. This 
process fornis an emulsion, preferably stabilized by an incorporated surfactant, typically comprising sufamicron 
droplets of water immiscible blowing agent dispersed in an aquMus continuous phase. The fonnaticm of such 

35 emulsions using tins and other techniques are common and well known to those in the art. The blowing agent is 
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described herein. Representative ONA plasmids include, but are not limited to pCMVp (available from 
Genzyme Corp, Framington. MAI and pCMV-P-gal (a CMV promoter linked to the E. coli Lac-Z gene, which 
codes for the enzyme P galactosidase). 

In any event, the selected active or Uoactive egent(s) may be associated with, or incorporated in, 
S the perforated microstructures in any form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used herein, the terms ''associate'' or "assodating" mean that the structural 
matrix or perforated microstructure may comprise, incorporate, adsorb, absorb, be coated with or be fomied by (he 
active or bioactive agent Where appropriate, the actives may be used in the form of salts |e.g. alkali metel or 
amine salts or as acid addition salts) or as esters or as solvates (hydrates). In this regard the form of the 

10 ective or bioactive agents may be selected to optimize the activity andfor stability of the actives andlor to 
minimize the solubility of the agent in the suspension medium andfor to minimize particle aggregation. 

It will further be appreciated that the perforated microstructures according to the invention may, if 
desired, contain a combination of two or more active ingretfients. The agents may be provided in combination 
in a single species of perforated microstructure or individually in separate species of perforeted 

15 microstructures. For example, two or more active or bioactive agents may be incorporated in a single feed 
stock preparation and spray dried to provide a single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives could be added to separate stocks and spray dried separately to 
provide a plurality of microstructure species with different compositions. These individual species could be 
added to the suspension medium or dry powder dispensing compartment in any desired proportion and placed 

20 in the aerosol delivery system as described below. Further, es alluded to above, the perforated 
microstructures (with or without an associated agent) may be combined with one or more conventional (8.g. a 
micronized drug) active or bioective egents to provide the desired dispersion stability or powder dispersibility. 

Based on the foregoing, it will be appreciated by those skilled in the art that a wide variety of acth/a or 
bioactive agents may be incorporated in the disclosed perforated miaostructures. AcconSiqly, the list of preferred 

25 active agents above is exemplary only and not intended to be limiting. It will also be appreciated by those skiled in 
the art that the proper anount of bioactive agent and the timing of the dosages may be detemiined for the 
formulations in accordance with already existing information and without undue experimentation. 

As seen from the passages above, various components may be associated with* or incorporated in the 
perforated microstructures of the presem invention. Sindarty, several techniques mey be used to provide 

30 particulates having the desired morphology (e.g. a perforated or hdlow/porous configuration), dspersiblity and 
density. Among other methods, perforated microstructures compatible with the instant invention may be fomied by 
techniques induding spray drying, vacuum drying, sdvent extraction, emulsification or lyc^hifizatioa and 
combinations thereof, it wOl further be appredated that the basic concepts of many of these techniques are welt 
known in the prior art and woiJd not, in view of the teachings hereia reqdre undue experimentation to adapt them 

35 so as to provi(te the desired perforated microstructures. 
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preferably a fluorinated compound (e.g. perfluorohexane, perfluorooctyl bromide, perfluorodscatia 
perfluorobutyl ethane) which vaporizes during the spray-drying process, leaving behind generally hdlow, 
porous aerodynamically light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing agents include nonfluorinated oils, chloroform, Freons, ethyl acetate, alcohols and hydrocarbons. 
S Nitrogen and carbon (fioxide gases are also contemplated as a suitable blowing egent. 

Besides the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by sublimation in a post-production step are also compatible with the instant 
invention. These sublimating compounds can be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include ammonium carbonate and camphor. Other compounds c(»npatible vAth the 

10 present invention comprise rigidifying solid structures which can be dispersed in the feed solution or prepared 
in-situ. These structures ere then extracted after the initial particle generation u^ng a post-production 
solvent extraction step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perforated microstructures ere preferably formed using a blowing agent as described 

IS above, it will be appreciated that, in some instances, no additional blowing agent is required and an aqueous 
dispersion of the medicament and/or excipients end surf actantis) are spray dried directly. In such cases, the 
formulation may be amenable to process conditions |e.g., elevated temperatures) that may lead to the 
formetion of hollow, reletively porous microparticles. Moreover, the medicament may possess special 
physicochemical properties |e.g., high crystallinity, elevated melting temperature, surface activity, etc.) that 

20 makes it particularly suitable for use in such techniques. 

When a blowing agent is employed, the degree of porosity and dispersibility of the perforated 
microstructure appeers to depend, at leest in part, on the nature of the blowing agent, its concentration in 
the feed stock |e.g. as an emulsion), and the spray drying conditions. With respect to controlling porosity and, 
in suspensions, dispersibility it hss surprisingly been found that the use of compounds, heretofore 

25 unappreciated as blowing agents, may provide perforated microstructures having particularly desirable 
characteristics. More particularly, in this novel and unexpected aspect of the present invention it has been 
found that the use of fluorinated compounds having relatively high boiling points (i.e. greater than about 
40°C) may be used to produce particulates that are particularly porous. Such perforated microstructures are 
especially suitable for inhalation therapies. In this regard it is possible to use fluorinated or partially 

30 fluorinated blowing agents having boiling points of greater than about 40*^0, 50*^0, 60**C, 70°C, 80**C, 90**C 
or even 95*^0, Particularly preferred blowing agents have boiling points greater than tha boiling point of 
water, i.e. greater than lOO^'C (e.g. perflubron, perfiuorodecalin). In addition blowing agents with relatively 
low water solubility I < 10'*^ M) are preferred since they enable the production of stable emulsion dispersions 
with mean weighted perticle diameters less than 0.3 |iim. 
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As previously described, these blowing egents will preferebly be incorporated in en emulsified feed 
stock prior to spray drying. For the purposes of the present invention this feed stock will elso preferably 
comprise one or more active or bioective agents, one or more surfactants or one or more excipients. Of 
course, combinations of the aforementioned components are also within the scope of the invention. While 
high bailing |> lOO^C} fluorinated blowing agents comprise one preferred aspect of the present invention, it 
will be apprecieted that nonfluorinated blowing egents with similer boiling points (> lOO^CI may be used to 
provide perforated microstnictures. Exemplary nonfluorinated blowing agents suitable for use in the present 
invention comprise the formula: 

R'-X-R^ orR'-X 

wherein: R' or R^is hydrogen, alkyi, alkenyl, alkynl, arometic, cyclic or combinations thereof, X is any group 
containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations thereof. 

While not limiting the invention in any way it is hypothesized that, es the aqueous feed component 
evaporates during spray drying it leaves a thin crust at the surface of the particle. The resulting particle wall 
or crust formed during the initial moments of spray drying appears to trap any high boiling blowing agents as 
hundreds of emulsion droplets (ca. 200-300 nm|. As the drying process continues, the pressure inside the 
particulate increases thereby vaporizing at least part of the incorporated blowing egent and forcing it through 
the reletivety thin crust. This venting or outgassing apparently leads to the formation of pores or other 
defects in the microstructure. At the same time remaining particulate components (possibly including some 
blowing agent) migrate from the interior to the surface as the particle solidifies. This migration apparently 
slows during the drying process as a result of increased resistance to mess transfer caused by an increased 
internal viscosity. Once the migration ceases the particle solidifies, leaving voids, pores, defects, hollows, 
spaces, interstitial spaces, aperture^, perforations or holes. The number of pores or defects, their size, . and the 
resulting wail thickness is largely dependent on the formulation and/or the nature of the selected blowing 
agent (e.g. boiling point), its concentration in the emulsion, total solids concentration, and the spray-drying 
conditions. It can be greatly appreciated that this type of particle morphology in part contributes to the 
improved powder dispersibility, suspension stebility and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high boiling Uowing 
egents may be retained in the resulting sprey dried product. Thet is, sprey dried perforated microstructures 
as described herein may comprise as much as 1%, 3%, 5%, 10%, 20%, 30% or even 40% w/w of the blowing 
agent. In such cases, higher production yields were obteined as a result an incressed particle density caused 
by residual blowing agent. It will be appreciated by those skilled in the art that reteined fluorinated blowing 
agent may alter the surface characteristics of the perforated microstructures, thereby minimizing perticie 
aggregation during processing and further increesing dispersion stability. Residual fluorinated blowing egent 
in the particle may also reduce the cohesive forces between particles by proviiing a barrier or by ettenuating 
the ettractive forces produced during msnufacturing (e.g., electrostatics). This reduction in cohesive forces 
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may be particulariy advantageQus when using the disclosed microstructures in conjunction with dry powder 
inhalers. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions (such as outlet temperature), blowing agent concentration, or boiling point. If the outlet 
5 temperature is at or above the boiling point, the blowing agent escapes the particle and the production yield 
decreases. Preferred outlet temperature will generally be operated at 20, 30, 40, 50, 60, 70, 80, 90 or even 
lOO^C less than the blowing agent boiling point. More preferably the temperature differential between the 
outlet temperature and the boiling point will range from 50 to 150^0. It will be appreciated by those skilled in 
the art that particle porosity, production yield, electrostatics and dispersibility can be optimized by first 

10 identifying the range of process conditions (e.g., outlet temperature) that are suitable for the selected active 
agents and/or excipients. The preferred blowing agent can be then chosen using the maximum outlet 
temperature such that the temperature differential with be at least 20 and up to 150°C. In some cases, the 
temperature differential can be outside this range such as, for example, when producing the particulates 
under supercritical conditions or using lyophilization techniques. Those skilled in the art will further 

IS appreciate that the preferred concentration of blowing agent can be determined experimentally without 
undue experimentation using techniques similar to those described in the Examples herein. 

While residual blowing agent may be advantageous in selected embodiments it may be desirable to 
substantially remove any blowing agent from the spray dried product. In this respect, the residual blowing 
agent can easily be removed with a post-production evaporation step in a vacuum oven. Moreover, such post 

20 production techniques may be used to provide perforations in the particulates. For example, pores may be 
formed by spray drying a bioactive agent and an exdpient that can be removed from the formed particulates 
under a vacuum. 

In any event, typical concentretions of blowing agent in the feed stock are between 2% and 50% 
v/v, and more preferebly between about 10% to 45% vfv. In other embodiments blowing agent 
25 concentrations will preferebly be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emulsions may comprise 35%, 40%, 45% or even 50% v/v of the selected high bailing point 
compound. 

In preferred embodiments, another method of identifying the concentration of blowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent to that of the stabilizing 

30 surfactant (e.g. phosphatidylcholine or PC) in the precursor or feed emulsion. For fluorocsrbon blowing agents 
|e.g. perfluorooctyi bromide), and for the purposes of explanation, this ratio has been termed the PFC/PC 
ratio. More generally, it will be appreciated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without falling outside of the scope of the present invention. In 
any event, the typical PFC/PC ratio will range from about 1 to about BO and more preferebly from about 10 to 

35 about 50. For preferred embodiments the ratio will generally be greater than about 6, 10, 20, 25, 30, 40 or 
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even 50. In this respect Fig. 1 shows e series of pictures token of perforated microstructures formed of 
phosphatldyichoUne (PC) using various amounts of perfluorooctyi bromide (PFCI, a relatively high boiling point 
fluorocarbon as the blowing agent. The PFC/PC ratios are provided under each subset of pictures, i.e* from 
1 A to IF. Formation and imaging conditions are discussed in greater detail in Examples I and II below. With 
5 regard to the micrographs, the column on the left shows the intact microstructures while the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily be seen in the Fig. 1, the use of higher PFCfPC ratios provides structures of a more 
hollow and porous nature. More particutariy, those methods employing a PFCIPC ratio of greater than about 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 

10 dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more deteil in Example 
XII below, illustrates a preferably porous morphology obtained by using higher boiling point blowing agents (in 
this case perfiuorodecaiinK 

While relatively high boiling point blowing agents comprise one prefenred aspect of the instant inventioa it 
will be appreciated that more conventional and unconventional blowing or inflating agents may also be used to 

1 5 provide compatible perforated microstructures. The blowing agent comprises any volatile substance, which can 
be incorporated into the feed solution for the purpose of producing s perforated foam-like structure in the 
resulting dry microspheres. The blowing agent may be removed during the initial drying process or during a 
post-production step such as vacuum drying or solvent extrection. Suitable agents include: 

1. Dissolved iow-bdling (betow 100 C) agents miscible with aqueous solutions, such as methylene chloride, 
20 acetone, ethyl ecetate, and alcohds used to saturate the solution. 

2. A gas, such as CO^ or l\l2,or liquid such as Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoroalkane^ and 
hydrocartions used at elevated pressure. 

3. Emulsions of immiscible low-boiGng (below 100 C) liquids suitable for use with the present invention are 
generally of the formula: 

25 R'.X R^ or R'-X 

wherein: R' or R^ is hydrogen, alkyi, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is 
any groups containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof. . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoroalkanes, and hydrocartions. 

4. Dissolved or dispersed salts or organic substances which can ba removed under reduced pressure by 
30 sublimation in a post-production step, such as ammonium salts, camphor, etc. 

5. Dispersed solids which can be extracted after the initial particle generetion using e post-production 
solvent extraction step, such particles include latex, etc. 
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With respect to these lower boiling pdnt inflating agents, they are typically added to the feed stock in 
quantities of about 1 % to 40% v/v of the surfactant solution. Approximately 1 5% v/v inflating agent has been found 
to produce a spray dried powder that may be used to form the stabilized dispersions of the present invention. 

Regardless of which blowing agent is ultimately selected, it has been found that compatible 
5 perforated microstructures may be produced particularly efficiently using a BOchi mini spray drier (model B- 
191. Switzerland). As will be appreciated by those skilled in the art, the inlet temperature and the outlet 
tonperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament, in this regerd, the inlet and outlet 
temperatures are edjusted depending on the melting cheracteristics of the formulation components and the 

1 0 composition of the feed stock. The inlet temperature may thus be between 60^C and 1 70^C, with the outlet 
temperatures of about 40''C to 120^0 depending on the composition of the feed and the desired particulate 
cheracteristics. Preferably these temperetures will be from SO'^C to 120''C for the inlet and from 60''C to 
SO'^C for the outlet. The flow rate which is used in the spray drying equipment will generally be about 3 ml 
per minute to about 15 ml per minute. The atomizer air flow rate will very between values of 25 liters per 

1 S minute to about 50 liters per minute. Commeiddy available spray dryers are well known to those in the art and 
suitable settings for any particular dispersion can be readily detemnined through standard empirical testing, with due 
reference to the exemples that follow. Of course, the conditions may be edjusted so as to preserve biological 
activity in larger molecules such es proteins or peptides. 

Though the perforated microstructures are preferably formed using fluorinated blowing agents in 

20 the form of an emulsion, it will be appreciated that nonfluorinated dls may be used to increase the loading 
capacity of active or bioactive agents without compromising the microstructure. In this case, selection of the 
nonfluorinated oil is based upon the solubility of the active or bioactive agent, water solubility, boiling point, 
and flash point. The active or bioactive egent will be dissolved in the oil end subsequently emulsified in the 
feed solution. Preferably the oil will have substantial solubilization capacity with respect to the selected 

25 egent, tow water solubility I < 10'^M), boiling point greater than water and a flash point greater than the 
drying outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
the solubilization capacity is also within the scope of the present invention. 

In particularly preferred embodiments nonfluorinated oils may be used to solubilize agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinated oils is of 

30 particular use for increasing the loading capacity of steroids such as beclomethasone dipropionate and 
triamcinolone acetonide. Preferably the oil or oil mixture for solubilizing these clathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dibutyl ether). In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost solubility of 
the selected egent. It will be appreciated that selection of an appropriate oil or oil mixtures and processing 
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conditions to maximize the loading capacity of an agent are well within the purview of a skilled artisan in view 
of the teachings herein and may be accompGshed without undue experimentation. 

Particularly preferred embodments of tl» present invention comprise spray drying preparations comprising 
a surfactant such as a phospholiisd and at least one active or bioactive agent. In other embodiments the spray 
5 drying preparation may further comprise an excipent comprising a hydrophilic moiety such as, for example, a 
cartiohydrate (i^ glucose lactose, or sterch) in edcf tion to any selected surfactant. In this regard various starches 
and (Privatized starches suitable for use in the present invention. Other optional components may inchide 
conventional viscosity modifiers, buffers such es phospbete buffers or other conventional biocompatible buffers or 
pH adjusting agents such as acids or bases, and osmotic agents (to provide isotonicity, hyperosmdarity, or 

1 0 hyposmolarity). Examples of suitable salts include sodium phosphate (both monobasic and dibasic), sodium chloride, 
caldum phosphate, calcium chtoride and other physiologically acceptable salts. 

Whatever components are selected, the first step in particulate production typically comprises feed 
stock preparetion. Preferably the selected drug is dissolved in water to produce a concentrated solution. The 
drug mey also be dispersed directly in the emulsion, psrticulariy in the case of water insoluble agents. 

1 S Alternatively, the drug may be incorporated in the fomi of a solid particulate dispersion. The concentration of 
the active or bioactive egent used is dependent on the amount of agent required in the finel powder end the 
performance of the delivery device employed (e.g., the fine particle dose for a MDI or DPI). As needed, 
cosurfectents such as poloxamer 188 or spen 80 mey be dispersed into this annex solution. Additionslly, 
excipients such as sugars and starches can also be edded. 

20 in selected embodiments en oil-in-water emulsion is then formed in a seperate vessel. The oil 

employed is preferably a fluorocarbon (e.g., perfluorooctyl bromide, perfluorodecalin) which is emulsified using 
a surfactant such as a long chain saturated phospholipid. For example, one gram of phospholipid may be 
homogenized in 150 g hot distilled weter (e.g., 60°C) using a suitable high shear mechanical mixer {e.q^ Ultre- 
Turrax model T-25 mixer) at 8000 rpm for 2 to 5 minutes. Typicdiy 5 to 25 g of fluorocerbon is added 

25 dropwise to the dispersed surf octant solution while mixing. The resulting perf luorocarbon in water emulsion is 
then processed using a high pressure homogenizer to reduce the particle size. Typically the emulsion is 
processed at 12,000 to 18,000 psi, 5 discrete passes end kept at 50 to 80°C. 

The active or bioactive ^ent solution and perfluorocertion emulsion are then combined end fed into 
the spray dryer. Typically the two preparations will be miscible as the emulsion will preferably comprise an 

30 aqueous continuous phase. While the bioactive agent is solubilized separately for the purposes of the instent 
discussion it will be appreciated that in other mnbodiments, the active or bioactive egent may be solubilized 
(or dispersed) directly in the emulsion. In such cases, the active or bioective emulsion is simply spray dried 
without combining e seperete drug preparation. 

In any event, opereting conditions such es inlet and outlet temperature, feed rate, atomization 

35 pressure, flow rate of the drying air, and nozzle configuration can be edjusted in accordance with the 
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manufacturer's guiddinBs in order to produce the required particle size, and production yield of the resulting 
dry microstructures. Exemplary settings are as follows: an air inlet temperature between 60^C and lyCC; 
an air outlet between 40''C to IZO^'C; a feed rate between 3 mi to about 15 ml per minute; and an aspiration 
air flow of 300 L/min. and an atomization air flow rate between 25 to 50 Umin. The selection of appropriate 
apparatus and processing conditions are well within the purview of a skilled artisan in view of the teachings 
herein and may be accomplished without undue experimentation. In any event, the use of these and 
substantially equivalent methods provide for the fonnation of hollow porous aarodynamically light 
microspheres with particle diameters appropriate for aerosol deposition into the lung, microstructures that are 
both hollow and porous, almost honeycombed or foam-like in appearance. In especially preferred 
embedments the perforated microstructures comprise hollow, porous spray dried microspheres. 

Along with spray drying, perforated microstructures useful in the present invention may be formed 
by lyophilization. Those skilled in the art will appreciate thet lyophilization is a freeze-drying process in which 
water is sublimed from the composition efter it is frozen. The particular advantage associated with the 
lyophilization process is thet biologicals and pharmaceuticals that are relatively unstable in an aqueous 
solution can be dried without elevated tsnperatures (thereby eliminating the adverse thermal effects), and 
then stored in a dry state where there are few stability problems. With respect to the instant invention such 
techniques are particularly compatible with the incorporation of peptides, proteins, genetic material end other 
natural and synthetic macromolecules in particulates or perforated microstructures without compromising 
physiological activity. Methods for providing lyophilized particulates ere known to those of skill in the art and 
it would cleariy not require undue experimentation to provide dispersion compatible microstructures in 
accordance with the teacMngs herein. The lyophilized cake containing a fine foam-like structure can be 
micronized using techniques known in the art to provide 3 to 10/An sized particles. Accordingly, to the extent 
that lyophilization processes msy be used to provide microstructures having the desired porosity and size they 
are conformance with the teachings herein end ere expressly contemplated es being within the scope of the 
instsnt invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention mey also be formed using a method where a feed solution (either emulsion or equeous) containing 
wall forming agents is rapidly added to a reservoir of heated oil (e.g. perflubron or other high boiling FCs) 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 
This process provides a perforated structure from the wall forming agents similar to puffed rice or popcorn. 
Preferably the wall forming agents are insoluble in the heated oil. The resulting particles can then separated 
from the heated oil using a filtering technique and subsequently dried under vacuum. 

Additionally, the perforated microstructures of the present invention may also be formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed in a polymer 
dissolved in an orgenic solvent (e.g. methylene chloride) by sonication or homogenization. This primary 
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emulsion is then stabilized by forming a multiple emulsion in a continuous aqueous phase contairang an 
emtdsifier such as polyvinylalcohoL Evaporation or extraction using conventional techniques and apparatus 
then removes the organic solvent. The resulting microspheres are washed, filtered and dried prior to 
combining them with an appropriate suspension medium in accordance with the present invention 

Whatever production method is ultimately selected for production of the perforated microstructures, 
the resulting powders have a number of advantageous properties that make them particularly compatible for 
use in devices for inhalation therapies. In particular, the physical characteristics of the perforated 
microstructures make them extremely effective for use in dry powder inhalers and in the formation of 
stabilized dispersions that may be used in conjunction with metered dose inhalers, nebulizers and liquid dose 
instillation. As such, the perforated microstructures provide for the effective pulmonary administration of 
bioactive agents. 

In order to maximize dspersibility, dispersion stability and optknize distribution upon administration, the 
mean geometric particle size of the perforated microstructures is preferably about 0.6-50 m, more preferably 1-30 
m. It win be appreciated that large particles |i.e. greeter than 50 m) may not be preferred in applications where e 
valve or smdl orifice is employed, since large particles tend to aggregate or separate from a suspension which 
could potentially clog the device. In espedally preferred embodiments the mean geometric particle size (or 
diameter) of the perforated microstructures is less than 20 m or less than 10 m. More preferably the mean 
geometric diameter is less than about 7 m or 5 m, and even more preferably less than about 2.5 m. Other preferred 
embodiments will comprise preparations wherein the mean geometric diameter of the perforated microstructures is 
between ebout 1 m and 5 m. In especidly pref md embodiments the perforeted microstructures will comprise a 
powder of dry, hollow, porous microspherical shdls of approximately 1 to 10 m or Ito 5 m in diameter, with shell 
thicknesses of epproximateiy 0.1 m to approximately 0.5 m. It is a particular advantage of the present invention 
that the particulate concentration of the dispersions and structural matrix components can be ai^usted to optimize 
the delivery characteristics of the selected partide size. 

As aiiuded to throughout the instant spedfication the porosity of the microstnictures may play a 
significant part is establishing dispersibiEty |e.g. in DPls) or dispersion stablity (e.g. for MDIs or nebulizers). In tNs 
respect the mean porosity of the perforated iracrostructures may be detemined through electron microscopy 
coupled with modern imaging techniques. More spedfically, electron microgrephs of representatWe samples of the 
perforated microstructures may be obtained and dgitaUy anelyzed to quantify the porosity of the preparation. Such 
methodology is well known in the art end may be undertaken without undue experimentetion. 

For the purposes of the present invemion, the mean porosity is. the percentage of the partide surface 
area that is open to the interior and/or a central void) of the perforated microstructures mey range from 
approximately 0.5% to approximately 80%. In more prefenred embodiments, the mean porosity will range from 
approximately 2% to approximately 40%. Based on selected production perameters, the mean porosity may be 
greater than approximately, 2%, 5%, 10%, 15%, 20%, 25% or 30% of the microstructure surface area, in other 
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embodiments, the mean porositv of the microstnictures may be greater than about 40%, 50%, 60%, 70% or even 
80%. As to the pores themselves^ they typically range in size from about 5 nm to about 400 nm with mean pore 
sizes preferably in the range of from about 20 nm to about 200 nm. In particularty preferred embodiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Figs. 1A1 to 1F2 and 
discussed in more detaO bdow, it is a significant advantage of the present invention that the pore size and porosity 
may be closely controlled by careful selection of the incorporated components and production parameters. 

In this regard, the partide morphology and/or hollow design of the perforated micrastructures also plays an 
important role on the (f spersibiGty or coheshreness of the dry powder formulations disclosed herein. That is, it has 
been surprisingly discovered that the inherent cohesive character of fine powders can be overcome by lowering the 
van der Weals, electrostatic attractive and liquid bridging forces that typically exist between dry particles. More 
specifically, in concordance with the teachings herein, improved powder dispersibility may be provided by engine^ng 
the particle morphology and density, as well as control of humidity and charge. To that eni the perforated 
microstructures of the present invention comprise pores, voids, hollows, defects or other interstitial spaces which 
reduce the surface contect area between particles thereby minimizing interpartide forces. In addition, the use of 
surfactants such as phospholipids and fluorinated blowing agents in accordance with the teechings herein may 
contribute to improvements in tiie flow properties of the powdere by tempering the charge and strength of tiie 
electrostatic forces as well as moisture content. 

Most fine powders (e.g. <Sfjm) exNbit poor dspersibility which can be problematic when ettempting to 
deliver, aerosolize and/or package the powders. In this respect the major forces which control partide interactions 
can typically be divided into long and short range forces. Long range fames indude gravitational attractive forces 
and electrostatics, where the interaction varies as a square of the separation (fistance or particle diameter. 
Important short range forces for dry powders indude van der Waals interactions, hydrogen bonding and Gquid 
bridges. The latter two short range forces differ from the others in that they occur where there is already contact 
between partides. It is a major advantage of the present invention that these attractive forces may be substantially 
attenuated or reduced through the use of perforated microstructures as described herein. 

In an effort to overcome these attractive forces, typical prior art dry powder fonnulations for DPIs 
comprise micronized drug partides that are deposited on large carrier particles (e.g., 30 to 90 fjm] such as lactose or 
agglomerated units of pure drug partides or agglomeration of fine lactose particles with pure drug, since they are 
more readily fluidized than neat drug partides. In addtioa the mass of drug required per actuation is typically less 
than 100/7g and is thus prohibitively too small to meter. Hence, the larger lactose partides in prior art formulations 
function as both a carrier partide for aerosolization and a bulking agent for metering. The use of large partides in 
these formulations are onployed since powder dispersibilitY and aerosdization effidency improves vuith increasing 
increasing partide size as a result of diminished interpartide forces (French, D.L, Edwards, DA, sand Nivea R.W., J. 
Aerosol Sci. 27, 769-783, 1996 which is incorporated herein by reference}. That is, prior art fonnulations often use 
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large particles or carriers to overcome the principle forces contrdling dspersibllity such as van der Weals forces, 
liqud bridging, and electrostatic attractive forces that exists between partides. 

Those skilled in the art wil appreciate that the van dsr Weals (VDWI attractive force occurs at short range 
and depends^ at least in part on the surftte contact between the interacting particles. When two dry partides 
approach each other the VOW forces increase with an increase in contact aree. For two dry particles, the magnitude 
of the VDW interaction force, F^^^, can be calculated using the following equation: 



where h is Planck's constant, m is the angular frequency, is the dstance at which the adhesional force is at a 
maximum, and n and r2 are the radii of the two interacting partides. Accordingly, it will be appreciated that one way 
to minimize the magnitude and strength of the VDW force for dry powders is to decrease the interpartide area of 
contact. It is important to note that the magnitude do is a reflection of Wis area of contact. The minimal area of 
contact between two opposing bodies will occur if the partides are perfect spheres. In addition, the area of contact 
will be further minimized if the partides are highly porous. Accorcfingiy, the perforated microstructures of the present 
invention act to reduce interpartide contact and corresponding VDW attractive forces. It is important to note that 
this reduction in VDW forces is largely a result of the unique partide morphology of the powders of the pr^nt 
invention rather than an increase in geometric partide diameter. In this regard, it wiU be appreciated that particulariy 
preferred embodiments of the present invention provide powders having average or small particulates |e.g. mean 
geometric diameter < 10 /ym) exhibiting rdatively low VDW attractive forces. Conversely, sdid, non-spherical 
particles such as conventional micronized drugs of the same size will exert greater interpertide forces between them 
and, hence, will exhibit poor powder dispersitaOty. 

Further, as indicated above, the dectrostatic force affecting powders occurs when either or both of the 
partides are dectricdiy charged. This phenomenon will result with dther an attraction or repulsion between 
partides depending on the similarity or dissinwlarity of charge. In the simplest case, the electric charges can be 
described using Coulomb*s Law. One way to modulate or decrease the dectrostatic forces between partides is if 
either or both partides have non conducting surfaces. Thus, if the perforated microstructure powders comprise 
exdpients, surfactants or active agents that era rdativdy non-conducting, then any charge generated in the partide 
will be unevenly distributed over the surface. As a result, the charge hdf-life of powders comprising non conducting 
components will be rdativdy short since the retention of elevated charges is dctated by the resistivity of the 
materid. Resistive or non-conducting components are materids which will neither function as an effident electron 
donor or acceptor. 
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Derjaguin et d. (Mutter, V.M^ Yushchenko, V.S« and Denaguia BM^ J. Colloid Interface Sd. 1980, 77, 1 1 5- 
1 191 which is incorporated herein by reference provide a list ranking mdacular groups for their ability to accept or 
donate an electron. In this regard exemplary groups may be ranked as f oilovus: 

5 Donor m > -OH > -OR > -COOR > -CHj > -CeHs > 

•halogen > COOH > CO > CN Accapton 

The present invention provides for the reduction of electrostatic effects in the disclosed powders though 
the use of relatively non-conductive materials. Using the above rankings, preferred non-conducthre meteriels would 

10 include hslogeneted and/or hydrogenated components. Materials such as phosphoBpds and fluorinated blowing 
agents (which may be retaned to some extent in the spray dried powders) are prefenred since they can provide 
resistance to particle charging. It will be appredeted that the retention of residual blowing agent (e.g. 
fluorochemicalsl in the particles, even at relatively low levels, may help minimize charging of the perforated 
microstnictures as is typically imparted during spray drying and cydone separation. Based on general electrostatic 

1 S prindples end the teachings herein, one skilled in the ert would be able to identify additional materials that serve to 
reduce the dectrostatic forces of the disdosed powders without undue experimentation. Further, if needed, the 
electrostatic forces can also be manipulated and minimized using electrification and charging techniques. 

In addtion to the surprising sdvantages described above, the present invention further provides for the 
attoiuation or reduction of hydrogen and liquid bonding. As known to those skilled in the art both hydrogen bonding 

20 and liquid bridging can result from moisture that is absorbed by the powder. In generd, higher humidities produce 
higher interparticle fon:es for hydropNUc surfaces. This is a substantid problem in prior art phannaceuticd 
fomiuiations for inhalation therapies which tend to employ rdetively hydrophiBc compmjnds such as lactose. 
However, in accordence with the teachings herda adhesion forces due to adsorbed water can be modulated or 
reduced by increasing the hydrophoUdty of the contecting surfaces. One skiild in the art can appredate that an 

25 increase in partide hydrophobidty can be achieved through exdpient selection and/or use a post-production spray 
drying coating techraque such as employed using a fluidized bed. Thus, preferred exdpients induite hydrophobb 
surfactants such as phospholipids, fatty add soaps and chdesterd. In view of the teachings herein, it is submitted 
that a skilled artisan wodd be able to identify materids exNUting similar destraUe properties without undue 
experimentation. 

30 In accordance with the present invention, methods such as angle of repose or shear index can be used to 

assess the flow properties of dry powders. The angle of repose is defined as the angle formed when a cotw of 
powder is poured onto a flat surface. Powders hawng an angle of repose ranging from 45^ to 20® are preferred and 
indicate suitable powder flow. More particdariy, powders which possess an angle of repose between 33' and 20* 
exhibit relatively low shear forces and are espedally useful in pharmaceuticd preparations for use in inhdation 

35 therapies {e.g. DPIs). The shear index, though more time consuming to measure than angle of repose, is considered 
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more reliable and easy to determine. Those skilled in the art wil appreciate that the experimaital procedure outlined 
by Amidon and Houghton (G.E. Amidon, and M.E. Houghton, Pharm. Manuf., 2, 20, 1885, incorporated herein by 
reference) can be used estimate the shear index for the purposes of the present invention. As described in S. Kocova 
and N. Pilpel, J. Phami. Phamiacol. 8, 33-B5, 1073, also incorporated herein by reference, the shear index is 
estimated from powder parametere such as, yield stress, effective angle of internal frictioa tensSe strength, and 
specific cohesion. In the present invention powders having a shear index less than about 0.98 are desirable. More 
preferably, powders used in the disclosed compositiQns, methods and systons will have shear indices less than about 
1.1. In particularly preferred embodiments the shear index wil be less than about 1.3 or even less than about 1.5. 
Of course powders having different shear indices may be used provided the result in the effective deposition of the 
active or bioactive egent et the site of intoest. 

It will also be eppredated that the flow properties of powders have been shown correlate well with bulk 
density measurements. In this regard conventional prior art thinking (C.F. Harwood J. Phami. Sci., 60, 15M83, 
1871) held that an increase in bulk density correlates with improved flow properties as predicted by the shear index 
of the meteriat. Conversely, it hes surprisingly been found that, for the perforated microstructures of the present 
invention, superior flow properties were exhibited by powdere having relativdy low bulk densities. That is, the hollow 
porous powders of the present invention exhibited superior flow properties over powdere substantially devoid of 
pores. To that end, it has been found that it is possible to provide powders having bulk densities of less than 0.5 
g/cm^ that exhibit particularly favorable flow properties. More surprisingly, it has been found that it is possible 
to provide perforated microstructure powders having bulk densities of less than 0.3 g/cm^ or even less than 
about 0.1 gfcm^ that exhibit excellent flow properties. The ability to produce low bulk density powdere heving 
superior flowability.f urther accentuates the novel and unexpected nature of the present invention. 

In addition, it will be appreciated that the reduced ettractive forces |e.g. van der Waals, 
electrostatic, hydrogen and liquid bonding, etc.) and excellent flowdiOity provided by the perforated microstructure 
powders meke them particulariy useful in preperations for inhalation therepies (e.g. in inhalation devices such as 
DPIs, MDIs, nebulizers). Along with the superior flowability, the perforated or porous and/or hollow design of 
the microstructures also plays an important role in the resulting aerosol properties of the powder when 
discharged. This phenomenon holds true for perforated microstructures aerosolized as a suspension, as in the 
case of an MDt or a nebulizer, or delivery of perforeted microstructures in dry form ss in the case of a DPI. In 
this respect the perforated structure and relatively high surface area of the dispersed microparticles enables them to 
be carried elong in the flow of gases during inhalation with greater ease for longer distances than non-perforeted 
pertides of comparable size. 

More particularly, beceuse of their high porosity, the density of the perticies is significently less than 
1.0 g/cm^ typically less than 0.5 g/cm^ more often on the order of 0.1 g/cml end as low as 0.01 g/cm^ 
Unlike the geometric particle size, the aerodynemic particle size, rf^^, of the perforated microstructures 
depends substentially on the particle density, p: cf^ = rf^p, where is the geometric diameter. 
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For a particle density of 0.1 gfcm^ d^^ will be roughly three times smaller than d^^, leading to increased 

particle deposition into the peripheral regions of the lung and correspondingly less deposition in the throat. In 
this regard, the mean aerodynamic diameter of the perforated microstructures is preferably less than about 5 
tjm, more preferably less than about 3|/m, and, in particularly preferred embodiments, less than about Ifjm. 
S Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI MDl or nebulizer. Further, having a larger geometric diameter than aerodynamic 
diameter brings the particles closer to the wall of the alveolus thus increasing the deposition of small 
aerodynamic diemeter particles. 

As will be shown subsequently in the Examples, the particle size distribution of the aerosol 

10 formuletions of the present invention are measurable by conventional techniques such as, for example, 
cascade impaction or by time of flight analytical methods. In eddition, determination of the emitted dose from 
inhalation devices were done according to the proposed U.S. Phannacopela method {Pharmacopeia/ Prevwws, 
22(1996) 3085) which is incorporated herein by reference. These and related techniques enable the "fine 
particle fraction" of the aerosol, which corresponds to those particulates that are likely to effectively 

IS deposited in the lung, to be calculeted. As used herein the phrase "fine particle fraction" refers to the 
percentage of the totel emount of active medicement delivered per actuation from the mouthpiece of a DPI, 
MDl or nebdizer onto plates 2-7 of an 8 stage Andersen cascade impactor. Based on such measurements the 
formulations of the present invemion will preferably have a fine particle frection of approximately 20% or 
more by weight of the perforeted microstructures (wfwl, more preferably they will exhibit a fine particle 

20 fraction of from about 2S% to 80% w/w, and even more prefereUy from about 3D to 70% wfw. In selected 
embodiments the present invention will preferably comprise e fine particle fraction of greater than about 
30%, 40%, 50%, 60%, 70% or 80% by weight. 

Further, it has also been found that the formulations of the present invention exhibit relatively low 
deposition retes, when compared with prior art pmparations, on the induction port and onto plates 0 and 1 of 

25 the impactor. Deposition on these components is linked with deposition in the throat in humans. More 
specificelly, most commercially availeble MDIs and DPIs have simulsted threet depositions of approximately 
40-70% (wfw) of the totel dose, wMIe the formulations of the present invention typically deposit less than 
ebout 20% w/w. Accordingly, preferred embodiments of the present invention heve simulated throat 
depositions of less than about 40%, 35%, 30%, 25%, 20%. 15% or even 10% w/w. Those skilled in the art 

30 will appreciate that significant decreese in throat deposition provided by the present invention will result in e 
corresponding decrease in associated local side-effects such as throat irritation and candidasis. 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known that MDl propellants typically force suspended particles out of the device at a high velocity towards 
the beck of the throat. Since prior art formulations typically contain a significant percentage of large 

35 particles and/or aggregates, as much as two-thirds or more of the emitted dose may impact the throat. 
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Moreover, the undesirable delivery profile of conventional powder preparations is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this problem is inherent when 
aerosolizing solid, dense, particulates which are subject to aggregetion. Yet, as discussed above, the novel 
and unexpected properties of the stabilized dispersions of the present invention result in surprisingly low 
throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

While not wishing to be bound by any particular theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hollow and/or porous morphology of the incorporated microstructures. That is, the hollow and porous nature 
of the dispersed microstructures slows the velocity of particles in the propellent stream (or gas streem in the 
case of DPIsI, just as a hollow/porous whiffle bail decelerates faster then a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow traveling particles are subject to 
inhalation by the patient. Moreover, the highly porous nature of the particles allows th propetlant within the 
perforated microstructure to rapidly leave and the particle density to drop before impacting the throat. 
Accordingly, a substantially higher percentage of the administered bioactive agent is deposited in the 
pulmonery air passages where it may be efficiently absorbed. 

With respect to inhalation therapies, those skilled in the art wfll appreciate that the perforated 
microstructure powders of the present invention ara particuiarty useful in DPis. Conventional DPIs, or dry powder 
inhalers, comprise powdered fonnulatlons and devices where a predetemiined dose of mecficament, either alone or in 
a Hand with lactose earner particles, is delraered as a fine mist or aerosol of dry powder for inhalation. The 
medicament is fomiulated in a way such that it readily disperses into discrete particles with a size rage between OS 
to 20 //m. The powder is actuated either by inspiration or by some external delhrery force, such as pressurized air. 
DPI fonnulations are typically packaged m single dose units or they employ reservoir systems capable of meterii^ 
muMple doses with manual transfer of the dose to the device. 

DPIs are generally classified based on the dose delivery system employed. In this respect, the two major 
types of DPIs comprise unit dose delivery devices and bulk reservoir delivery systems. As used hereia the tenn 
"reservoir" shall be used in e general sense and held to encompass both configurations unless otherwise dctated by 
contextual restraints. In any event unit dose delivery systems require the dose of powder formication presented to 
the device as a single unit With this system, the fonnulation is prefilled into dosing wells wh'ch may be foil-packaged 
or presented in blister strips to prevent moisture ingress. Other unit dose packages include hard gelatin capsules. 
Most unit dose containers designed for DPIs are filled using a fixed volume technique. As a residt there are 
physical limitations (here density) to the minimal dose that can be metered into a unit package, which Is 
dictated by the powder flowabflity and bulk density. Currently, the range of dry powder that can be filled 
into a unit dose container is in the range of 5 to 15 mg which corresponds to drug loeding in the renge of 25 
to SOO^/g per dose. Conversely, bulk reservoir delivery systems provide a precise quantity of powder to be 
metered upon individual delivery for up to approximately 200 doses. Again like the unit dose systems, the 
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powder is metered using a fixed volume cell or chamber that the powder is filled into. Thus, the density of the 
powder is a major factor limiting the minimal dose that can be delivered with this device. Currently bulk 
reservoir type DPIs can meter between 200/ig to 20 mg powcbr per actuation. 

DPIs are designed to be manipulated such that they breek open the capsule/blister or to load bulk 
powder during actuation, followed by dispersion from a mouthiriece or actuetor due to the patient's 
inspiration. When the prior ert fomnuletions are actuated from a DPI device the lactoseldrug aggregates are 
aerosolized end the patient inhales the mist of dry powder. During the inhalation process, the carrier particles 
encounter sheer forces whereby some of the micronized drug particles are separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 
lerge lactose particles impact the throat and upper fflnways due to size end inertial force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the carrier particles 
and their aerodynamic property. 

Deaggregation can be increased through formulation, process and device design improvements. For 
example fine particle lactose (FPL) is often mixed with coarse lactose carriers, wherein the FPL will occupy 
high-energy binding sites on the carrier particles. This process provides more passive sites for adhesion of the 
micronized drug particles. This tertiary blend with the drug hes been shown to provide stetistically significant 
increases in fine particle fraction. Other strstegies include specielized process conditions where drug particles 
are mbced with FPL to produce egglomerated units. In order to further increase particulate deposition, many 
DPIs are designed to provide deaggregation by passing the dosage form over baffles, or through tortuous 
channels that disrupts the flow properties. 

The eddition of FPL, agglomeration with FPL end specialized device design provides an improvement 
in the deaggregation of formulations, however, the clinically important paremeter is the fine partide dose 
received by the patient. Though improvements in deaggregation can be provided, e mejor problem still exists 
with current DPI devices in that there is an increase in respirable dose with an increased inspiratory effort. 
This is a result of an increesed fine perticle fraction corresponding to the increesed disaggregetion of particle 
agglomerates es the airflow increases through the inhaler with increasing inspiratory effort. Consequentiy 
dosing accuracy is compromisei leeding to complications when the devices are used to edminister highly 
efficacious drugs to sensitive populations such as children, adolescents and the elderiy. Moreover, the dosing 
inaccuracy associsted with conventional preperations could complicate regulatory approval. 

In stark contrast the perforeted microstructure powders of the present invention obviate many of the 
difficulties associated witii prior art carrier preparetions. That is, an improvement in DPI performance may be 
provided by engineering tiie partide, size, aerodynanuc^ morphology end density, as well as contrd of humidity and 
charge. In this respect the present invention provides fomiulations wherein the medicement and the indpients 
or bulking agents are preferably assodated with or comprise the perforated microstructures. As set forth 
above, preferred compositions according to the present invention typicelly yield powdere with bulk densities 
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less than 0.1 and often lass than 0.05 glcml It will ba appreciated that providing powders having bulic 
densities an order of a magnitude less than conventional DPI formulations allows for much lower doses of the 
selected Uoactive agent to be filled into e unit dose contoner or metered via reservoir-based DPIs. The ability 
to effectively meter small quantities is of particular importance for low dose steroid, long acting 
S bronchodilators and new protein or peptide medicaments proposed for DPI delivery. Moreover, the ability to 
effectively deliver particulates without associated carrier particles simplifies product formulation, filling and 
reduces undesirable side effects. 

As discussed ebove, the hollow porous powders of the present invention exhibit superior flow properties, 
as measured by the angle of repose or shear index methods described hertia with respect to equivalent powdere 

10 substantially devoid of pores. That i^ superior powder flow, wNch appears to be a function of bulk density and 
particle morphology, is observed where the powders have a bulk density less than 0.5 g/cm^ Preferably the 
powdere have bulk densities of less than about 0.3 g/cm\ 0.1 gfcm^ or even less than about 0.05 g/cm^ In this 
regard, it is theorized that the perforated microstnictures comprising pores, voids, hollows; defects or other 
interstitial spaces contribute to powder flow properties by reducing the surface contact area between particles and 

15 minimizing interpartide forces. In addition, the use of phospholipids in preferred embodiments and retention of 
fluorinated Uowing agents may also contribute to improvements in the flow propertns of the powders by tempering 
the charge and strength of the electrostalic forces as well as moisture content 

In addition to the aforementioned advantages, the disclosed powders exhibit favorable aerodynamic 
properties that make them particularly effective for use in DPIs. Mora specificelly, the perforated structure 

20 and relatively Mgh surface erea of the micropartides eneUes them to be cerried along in the flow of gases during 
inhalation with greater ease and for longer distances than rdatively non-perforated pertides of comparable size. 
Because of their high porosity end low density, edministration of the perforated microstructures with a DPI 
provides for increased pertide deposition into the peripheral regions of the lung end correspondingly less 
deposition in the throat. Such particle cSstribution acts to increese the deep lung deposition of the 

25 aikninisterad agent which is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the low-density, highly porous powders of the present invention preferably 
eliminate the need for carrier particles. Since the large lactose carrier pertides will impact the throat end 
upper airways due to their size, the elimination of such partides minimizes throat deposition end any 
associated "gag" effect assodsted with conventional DPIs. 

30 Along with their use in a dry powder configuration, it will be appredated that the perforeted 

microstructures of the present invention may be incorporated in a suspension medium to provide stabilized 
dispersions. Among other uses, the stabilized dbperdons provide for the effective ddivery of bioactive 
agents to the pulmonary air passages of a patient using MDIs, nebulizere or liquid dose instillation (LDI 
techniques). 
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As vuith the DPI embodiments, Administration of a bioactivB agent using an MDI, nebulizer or LDI technique 
may be indicated for the treatment of mfld moderate or severe acute or chronic symjitoms or for prophylsctic 
treetment Moreover, the bioective egent may be administered to treat local or systemic conditions or disorders. It 
win be appreciated that, the precise dose edministered wil depend on the ege and condition of the patient the 
particular nndicament used end the frequency of edhuristrationr and will ultimately be at the discretion of the 
attendant physidsn. When combinations of Uractive agents are employed, the dose of each component of the 
combination wOl generally be that employed for each component when used alone. 

Those skilled in the art will appreciete the enhanced stability of the disclosed dispersions or 
suspensions is tsrgely achieved by lowering the van der Weals attractive forces between the suspended 
particles, and by reducing the differences in density between the suspension medium and the particles, in 
accordance with the teachings herein, the increeses in suspension stability may be imparted by engineering 
perforated microstructures which are then dispersed in a compatible suspension medium. As discussed 
above, the perforeted microstructures comprise pores, voids, hollows, defects or other interstitial spaces that 
allow the fluid suspension medium to freely permeete or perfuse the particulate boundary. Particularly 
preferred embodiments comprise perforeted microstructures that are both hollow and porous, almost 
honeycombed or foam-like in appearance. In especially preferred embodiments the perforated microstructures 
comprise hollow, porous spray dried microspheres. 

When the perforeted microstructures are placed in the suspension medium |i.e. propellent), the 
suspension medium is able to permeate the particles, thereby creating a "homodispersion", wherein both the 
continuous end dispersed phases are indistinguishable. Since the defined or "inrtuel" particles (i.e. comprising 
the volume circumscribed by the microparticulate matrix) are made up almost entirely of the medium in which 
they are suspended, the forces driving particle aggregation (flocculation) are minimized. Additioneliy, the 
differences in density between the defined particles and the continuous phase are minimized by having the 
microstructures filled with the medium, thereby effectively slowing particle creeming or sedimentation. As 
such, the perforated microspheres and stabilized suspensions of the present invention are particulariy 
compatible with many aerosolization techniques, such as MDI and nebulizetion. Moreover, the stebilized 
dispersions may be used in liquid dose instillation applications. 

Typical prior art suspensions {e.g. for MDIs) comprise mostly solid psrticles end small emounts 
l<1% w/w) of surfactant (e.g. lecithin, Span-85, oleic acid) to increase electrostatic repulsion between 
particles or polymers to sterically decrease particle interaction. In sherp contrest, the suspensions of the 
present invention ere designed not to increase repulsion between particles, but rother to decrease the 
ettractive forces between particles. The principal forces driving flocculation in nonaqueous medio ere van der 
Weals attractive forces. As discussed above, VOW forces are quantum mechanical in origirv and can be 
visualized es ettractions between fluctuating dipoles (i.e. induced dipoleinduced dipole interectionsj. 
Dispersion forces are extremely short-range and scale es the sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the etoms sums up. 
The resulting force is of considerably longer renge, and depends on the geometry of the interecting bodies. 

More specifically, for two sphericd particles, the magnitude of the VDW potentiair , can be 
approximated by: y _ -^.^ R^R^ where ^^^^is the effective Hemaker constant which 

" 6H, iR, + R,) 

5 accounts for the nature of the pertides and the medium, //q is the distence between particles, end 72, and 
Rj are the radii of spherical particles 1 and 2. The effective Hemaker constant is proportional to the 
difference in the polarizabilities of the dispersed particles and the suspension medum: 
^^jir - (y/^sM - -yl^PART ^^^^ ^PART Hamaker constants for the suspension 

medium and the particles, respectively. As the suspended particles and the dispersion medium become similar 

10 in nature, and i4p^j. become closer in magnitude, and A^^ and become smaller. Thet is. by 
reducing the differences between the Hamaker constant associated with suspension medium and the 
Hamaker constant associated with the dispersed particles, the effective Hamaker constant land 
corresponding van der Waals attractive forces) may be reduced. 

One way to minimize the differences in the Hamaker constents is to create a '*homodspersion^ that 

15 is make both the continuous and dispersed pheses essentially indistinguishable as discussed above. Besides 
exploiting the morphology of the particles to reduce the effective Hamaker constent, the components of the 
structural matrix (defining the perforated microstructures) will preferably be chosen so as to exhibit a 
Hamaker constant relatively close to that of the selected suspension medium. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 

20 determine the compatibility of the dispersion ingredients and provide a good incBcation as to the stability of 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension meeSums using characteristic physical values that coincide with measurable Hamaker 
constants but are more readily discernible. 

In this respect, it has been found that the refractive index values of many compounds tend to scale 

25 with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values may be 
used to provide a fairly good indication as to which combination of suspension medium and particle exdpents 
will provide a dispersion having a relatively low effective Hamaker constant and assodated stability. It will 
be appredeted that, since refractive indices of compounds are widely available or easily derived, the use of 
such velues allows for the formation of stabilized dispersions in accordance with the present invention 

30 without undue experimentation. For the purpose of illustration only, the refractive indices of severel 
compounds compatible with the disdosed dispersions are provided in Table I immediately bdow: 

labial 
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Consistent with the compatible dispersion components set forth above, those sicilled in the art will 
appreciate that, the formation of dispersiotis wherein the components have a refractive index differential of 
less than about 0.5 is preferred. That is, the refractive index of the suspension medium will preferably be 

20 within about 0.5 of the refractive index associated with the perforated particles or microstructures. It will 
further be appreciated that, the refractive index of the suspension mecfium and the particles may be measured 
directly or approximated using the refractive indices of the major component in each respective phase. For 
the perforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the major component will typically be derived on a volume percentage basis. In selected 

25 embodiments of the present invention the refractive index differential value will preferebly be less than about 
0.45, about 0.4, about 0.35 or even less than about 0.3. Given that lower refractive index differentials imply 
greater dispersion stability, particularly preferred embodiments comprise index differentials of less than about 
0.28, about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled artisan will 
be aUe to determine which excipients are particularly compatible without undue experimentation given the 

30 instant disclosure. The ultimate choice of preferred excipients will also be influenced by other factors, 
including biocompatibility, regulatory status, ease of manufacture, cost. 

As (fiscussed above, the minimization of density differences between the particles and the 
continuous phase is largely dependent on the perforated and/or hollow nature of the microstructures, such 
that the suspension medium constitutes most of the particle volume. As used herein, the term "particle 

35 volume" corresponds to the volume of suspension medium that would be displaced by the incorporated 
hollow/porous particles if they were solid, i.e. the volume defined by the particle boundary. For the purposes 
of explanation, and as discussed above, these fluid filled perticulete volumes may be referred to as "virtual 
particles." Preferably, the average volume of the bioactive agent/excipient shell or matrix (i.e. the volume of 
medium ectually displaced by the perforated microstructure) comprises less than 70% of the average particle 

40 volume (or less than 70% of the virtual particle). More preferably, the volume of the microparticulate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume. Even more 
preferably, the average volume of the shell/matrix comprises less than about 10%, 5%, 3% or 1% of the 
average particle volume. Those skilled in the art will appreciate that, such a matrix or shell vdumes typicelly 
contributes little to the virtual particle density which is overwhelmingly dictated by the suspension medium 
5 found therein. Of course, in selected embodiments the exdpents used to fomfi the perforated microstructure 
may be chosen so the density of the resulting matrix or shell approximates the density of the surrouncfing 
suspension medium. 

It will further be appreciated that, the use of such microstructures will dlow the apparent density 
of the virtuel particles to approach that of the suspension medium substentielly eliminating the attractive van 

10 der Waals forces. Moreover, es previously discussed, the components of the microperticulate matrix are 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accorcfingly, in preferred embodiments of the present invention, the virtual particles and the 
suspension medium wiD have a density differential of less than about 0.6 g/cml That is, the mean density of 
the virtual particles (es defined by the metrix boundery) will be within approximately 0.6 gfcm^ of the 

1 S suspension medium. More preferably, the mean density of the virtual particles will be within 0.5, 0.4, 0.3 or 
0.2 g/cm^ of the selected suspension medium. In even more preferable embodiments the density differential 
will be less than about 0.1, 0.05, 0.01, or even less than 0.005 g/cml 

In addition to the aforementioned edvantages, the use of hollow, porous particles allows for the 
formation of free-flowing Aspersions comprising much higher volume fractions of particles in suspension. It 

20 should be appreciated that, the formulation of prior art dispersions at volume fractions approaching close- 
packing generally results in dramatic increases in dispersion viscoelastic behavior. Rheological behavior of 
this type is not appropriate for MDI applications. Those skilled in the art will appreciate that, the volume 
f rection of the particles may be defined as the ratio of the apparent volume of the particles (i.e. the particle 
volume) to the total volume of the system. Each system has a maximum volume frection or pecking fraction. 

25 For exemple, particles in a simple cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubiclhexagonal dose packed configuration reach a maximum packing fraction of 
approximately 0.74. For non-spherical particles or pdydisperse systems, the derived values are different. 
Accordingly, the maximum packing fraction is often considered to be an empirical parameter for a given 
system. 

30 Here, it was surprisingly found that the porous structures of the present invention do not exhibit 

undesirable viscoelastic behavior even et high vdume fractions, approaching close packing. To the contrary, 
they remein as free flowing, low viscosity suspensions having little or no yield stress when compared with 
analogous suspensions comprising solid particulates. The low viscosity of the dsdosed suspensions is 
thought to be du^ at least in large part, to the relatively low van der Waals attraction between the fluid-filled 

3 S hdlow, porous particles. As such, in selected embodiments the volume fraction of the disdosed dispersions is 
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greater than approximately 0.3. Other embodiments may have pecking values on the order of 0.3 to about 
Q.S or on the order of 0.5 to about 0.8, with the higher values approaching a dose packing conifition. 
Moreover, es particle sedimentation tends to naturally decreese when the volume fraction approaches dose 
packing, the formation of relatively concentrated dispersions mey further increese formulation stability. 
S Although the methods and compositions of the present invention may be used to fonn relatively 

concentrated suspensions, the stabilizing factors work equally wdl at much lower packing volumes and such 
dispersions are contemplated as being within the scope of the instent disdosure. In this regard, it will be 
appredated that, dispersions comprising low vdume fractions are extremdy difficult to stabilize using prior 
art techniques. Conversely, dispersions incorporating perforated microstructures comprising e bioactive 

10 agent as described herein are particdariy stable even et low volume fractions. Accordingly, the present 
invention allows for stabilized dispersions, and particulariy respiretory dispersions, to be formed end used at 
vdume fractions less than 0.3. In some preferred embodiments, the vdunie fraction is approximately 0.0001 
- 0.3, more preferably 0.001 - 0.01. Yet other preferred embodiments comprise stabilized suspensions having 
vdume fractions from approximatdy 0.01 to approximatdy 0.1. 

15 The perforated microstructures of the present invention may also be used to stabilize dilute 

suspensions of micronized bioactive agents. In such embodiments the perforated microstructures may be 
edded to increase the vdume fraction of partides in the suspension, thereby increasing suspension stability to 
creaming or sedimentation. Further, in these embodiments the incorporeted microstructures may also act in 
preventing dose approach (aggregation) of the micronized drug partides. It shodd be eppredated that, the 

20 perforated microstructures incorporated in such embodiments do not necessarily comprise a bioactive agent. 
Rether, they mey be formed exclusively of various excipients, induding surfactants. 

Those skUed in the art wiD further appredate that the stabiGzed suspensions or dispersions of the 
present invention may be prepared by dispersal of the microstructures in the sdected suspension medium 
which may then be placed in a container or reservoir. In this regard, the stabilized preparations of the present 

25 invention cen be made by simply combining the components in suffkjent quantity to produce the find desired 
dispersion concentration. Although the microstructures reacfily disperse without mechanical energy, the 
application of mechanical energy to aid in disperdon (e.g. with the aid of sonication) is contemplated, 
particulariy for the formation of stable emulsions or reverse emulsions. Altemativdy, the components may be 
nvxed by ample shaking or other type of agitation. The process is preferably carried out under anhydrous 

30 concStions to obviate any adverse effects of mdsture on suspendon stability. Once fonned, the dbperaon has 
a reduced susceptibility to floccdation and sedimentation. 

As ini cated throughout the instant spedficatiorv the dispersions of the present invention are preferably 
stabiized. In a broad sense, the terni "stabifized disperdon** will be hdd to mean any dispersion that resists 
aggregation, flocculation or creaming to the extent required to provide for the effective delivery of a Uoactive agent 

35 While those ddled m the art wiD appredate thet there are severd methods that may be i^d to assess the steUlity 
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of a given (fispersioa a preferred method for the purposes of the present invention comprises detennination of 
creaming or sedimentation time using a dynamic photosedimentation method. As seen in Example iX and figure Z a 
preferred method conprises subjecting suspended particles to a centrifugal force and meesuring absorbance of 
the suspension as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability, it is submitted that those skilled in the art will be able to adapt the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the present invention the creannng time shaU be defined as the time for the su^ended 
dreg particulates to cream to 1/2 the volume of the suspension medium. Similarty, the sedimentation time may be 
defined as the time it takes for the particulates to sediment In 1/2 the volume of the liquid medium. Besides the 
photosedknemation technique described above, e reletively simple way to detennine the creaming time of a 
preparation is to provide the particulate suspension in a sealed glass vid. The vials ere agitated or shaken to provide 
relativdy homogeneous dispersions which are then set aside and observed using appropriate instnimentation or by 
visual inspection. The time necessery for the suspended particulates to cream to 112 the volume of the suspension 
medium (i.e., to rise to the top half of the suspension medium), or to sediment within 1/2 the volume 6.6., to settle in 
the bottom 1 12 of the medium), is then noted. Suspension f onnulations having a creaming time greater than 1 minute 
are preferred end indicate suitable stabflity. More preferably, the stabilized dispersions comprise creaming times of 
greeter than 1, 2, 5, 10, 15, 20 or 30 minutes. In particiiariy preferred embodiments, the staUBzed dispersions 
exhibit creaming times of greater than about 1, 1.5, 2, 2.5, or 3 hours. Substantially equivalent periods for 
sedmentation times are indicative of compatible (Sspasions. 

As discussed herein, the stabilized dispersions disclosed herein may preferably be administered to the nasal 
or pulmonary air passages of a patient via aeresolizatian, such as with a metered dose inhaler. The use of such 
stabflized preparations provides for superior dose reproducibility and improved lung deposition as described above. 
MDIs are well knovm in the art and could easily be employed for admmistration of the claimed dispersions without 
undue experimentetion. Breath activated MDIs, as well as those comprising other types of improvements which 
have been, or wiO b^ developed are also compatible with the stabilized dispersions and present invention ani as 
such, are contemplated as being with in the scope thereof. However, it should be emphasized that in preferred 
embodiments, the stsbiSzed dispereions may be administered with an MDI using a number of different routes 
including, but not limited to, topical, nasat piimonary or oral Those sMDed in the ert will appreciate that, such routes 
are weB known and that the dosing end administration procedures may be easily derived for the stabilized dispereions 
of the present inventioa 

MDI canistere generely comprise a container or reservoir cepable of withstanding the vapor pressure of 
the propdlant used such as, a plastic or plastK-coated glass botti^ or preferably, e nntal can or, for exemple, an 
aluminum can which may optionafly be anodued, lacquer-coated and/or plastic-coated, wherein the conteiner is 
dosed vwitii a metering^valve. The metering vdves ere designed to ddhrer a metered amount of the fonndation per 
actuation. Tha vdves incorporate e gesket to prevent leakage of propdlant through the valve. The gadcet may 
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comprise any sutaUe elastomeric material such as» for example, low density polyethyiener cMorobutyl, Hack and 
white butadiene-acrylonitrile robbers, butyl rubber and neoprene. SuiteUe valves are commerdaDy avaiaUe from 
manufacturers wefl known in the aerosol industry, for example, from ValoiSr France (e^. DFIO, DF30, DF 31/50 ACT, 
0F60), Bespak pic, LTK (e^. BK300, BK3B6) and 3M-l\leotechnic Ltd^ LIK |e.g. Spraymiser). 

Each filed canister is convenientiy fitted into a sutaUe channeling device or actuator prior to use to f onn e 
metered dose inhaler for edministration of the medicament into the lungs or nassi cavity of a patent. Suitable 
channeling devices comprise for example a vdve ectuator and a cyfindrical or cone^ike passap through which 
medicament may be delivered from the filled canister via the metering vahfe, to the nose or mouth of e patient e.g« a 
mouthpiece actuator. Metered dose inhalers are designed to deliver a fixed unit dosage of medicament per actuation 
such as, for exemple, in the renge of 10 to 5000 mk:rograms of bioactive agent per actuation. Typically, a single 
charged canister will provide for tens or even hundreds of shots or doses. 

With respect to MDIs, it is an advantage of the present invention that any biocompatible suspension 
medum having adequete vapor pressure to act as a propellent may be used. Particulariy preferred suspension media 
are compatible with use in a metered dose inhaler. That is, they will be able to fonn aerosols upon the activation of 
the metering valva and associated release of pressure. In generel, the selected suspension medium should be 
biocompatible 6.6. relatively non-toxic) and noiHeactive with respect to the suspended perforated microstroctures 
comprising the Uoactive egent. Preferably, the suspension medium will not act as a substantial solvent for any 
components incorporated in the perforated microspheres. Selected embodiments of the invention comprise 
suspension media selected from the group consisting of fluorocertions Gnduding those substituted with other 
halogens), hydrofluoroslkenes, perfluorocerbons, hydrocarbons^ alcohols, ethers or combinations thereof. It will be 
appreciated thet the suspension medium mey comprise a mixtiSB of various compounds selected to import spediic 
characteristics. 

Particulariy suitable propellants for use in the MDI suspension mediums of the present invention are those 
propellent geses that can be liquefied under pressure et room temperaUire andr upon inhalation or topical use, ere 
ssfe, toxtcoiogically innocuous and free of side effects. In this regsrd^ compatible propellents may comprise eny 
hydrocarbon, fluorocarbon, hydrogen-conteining fluorocerbon or mixtures thereof heving e suffident vapor 
pressure to efficiently form aerosols upon activation of a metered dose inheler. Those propellants typicdly 
termed hydrofluoroalkenes or HFAs ere espedally compatible. Suitable propellents indude, for exemple, short 
chain hydrocerbons. Cm hydrogen conteining chjorofiuorocarbons such as CH2CIF. CCIjFjCHCIF, CFaCHCIF, 
CHF2CCIF2, CHCIFCHF2, CF3CH2CI, and CCIF2CH3; Cu hydrogen conteining fluorocerbons (e.g. HFAs) such as 
CHF2CHF2, CFaCHjF, CHF2CH3, and CFjCHFCFj; and perfluorocerbons such as CFjCFj and CF3CF2CF5. 
Preferably, a dngle perfluorocerbon or hydrogen-containing fluorocarbon is employed as the propellent. 
Perticuleriy preferred as propellents are 1,1,1,2-tetrafluoroethBne (CF5CH2H |HFA-134a) end 1,1,1.2,3,3,3- 
heptefluoro-n-propane (CF3CHFCF3) (HFA-227), perfluoroethene, monocMorodifhiorometiiana l,Vdifluoroethane, 
and combinations thereof. It is desirable thet the fonnuletions contain no components thet deplete 
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stratospheric ozone. In particular it is desirable that the formulations are substantially free of 
cMorofluorocarbons such as CCIaF, CCI2F2, end CFaCCIs. 

Specific Huoroceifaons, or classes of fluorinated compounds^ that are usefid in the suspension medio 
include, but ere not limited to, fiuoroheptane, fiuorocydoheptane, fluoromethylcycloheptane, fluorohexane, 
fluorocydohexane, fluoropenten^ fluorocydopentane, fluoromethylcydopentane, fluorodimethylcyclopentanear 
fluoromethylcydobutene, fluorodmethylcydobutan^ fluorotrimethylcyclobutane, fiuorobutane, fluorocydobutaner 
fluoropropane, iiuoroethers, fluoropdyethers and fluorotriethylamines. It vuill be appredated that these compounds 
may be used done or in condiination with more voletilB propdlents. It is a dstinct advantage that such compounds 
are generdly environmentally sound and Udogicdly non-reactive. 

In addition to the eforementioned fluorocerbons end hydrofluorodkenes, various 
cMorofluorocarbons and substituted fluorinated compounds mey also be used as suspension mediums in 
accordance with the teechings herein. In this respect, FC-11 (CCL3F)i FC-11B1 (CBrCI2F), FC HB2 
ICBr2CIF), FC12B2 |CF2Br2), FC21 (CHC12R, FC21B1 ICHBrCIF), FC-21B2 |CHBr2FI, FC SIBI |CH2BrF). 
FC113A ICCI3CF3), FC122 (CCIF2CHCI2), FC.123 ICF3CHCI2I. FC.132 ICHCIFCHCIF), FC-133 ICHCIFCHF2I, 
FC.141 |CH2CICHCia FC UIB ICCI2FCH31, FC.142 (CHF2CH2CI), FCIBI ICH2FCH2CI), FC.152 
(CH2FCH2FI, FC-1112 (CCIF-CCIR, FC-1121 (CHCt-CFCII and FC-1131 (CHCI-CHF) ere ail compatible with 
the teachings herein despite possible attendant environmental concerns. As such, each of these compounds 
may be used, done or in combination with other compounds (i.e. less vdatile fluorocarbonsi to form the 
stebilized respiratory disperdons of the present invention. 

Along with the eforementioned embodiments, the stabilized disperdons of the present invention may 
also be used in conjunction with nebufizers to provide en aerosolized medicament that may be edministered to 
the pulmonary dr passages of a patient in need thereof. Nebdizers ere wdl known in the art and codd eadly be 
employed for edmirastration of the ddmed disperdons without undue experimentation. Breath activated nebulizers, 
es wdl es those comprising other types of improvements which have been, or will be, developed ere dso compatible 
with the stebiEzed dsperdons end present invention end ere contemplated es being with in the scope thereof. 

Nebdizers vyork by forming aerosols, that is converting a bdk fiqud into smdl droplets suspended in a 
breathable gas. Here, the aerosdized medicament to be admirastered ipreferebly to the pdmonary dr passages) wiB 
comprise smdl droplets of suspenaon medium assodsted with perforeted microstructures compridng a bioective 
agent. In sudi embodiments, the stahiized disperdons of the present invemion will typtcdiy be placed in a Add 
reservdr operably assodated with a nebulizer. The spedfic vdumes of preparation provided, means of filmg the 
reservdr, etc., vdfl largdy be dependent on the selection of the indvicbd nebdizer and is well within the purview of 
the skifled ertisen. Of course, the present invention is entirely competible with angle-dose nebdizers and mdtiple 
dose nebuEzers. 

Tradtiond prior art nebdizer preparations typicdly comprise equeous sdutions of the sdected 
phennaceuticd compound. With sudi prior ert nebuGzer preparations; it has long been estsUidied that corruption of 
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the incorporated therapeutic compound can severely reduce efficacy. For exampler with conventional aqueous multi- 
dose nebulizer preperations, bacterial contamination is a constant problem. In addition, the soluUEzed mecScament 
may predpitate out or degrade over time^ edversely affecting the delivery profile. This is particulariy true of larger, 
more labile faiopdymeis such es enzymes or other types of proteins. Predpitetion of the incorporated Uoactive egent 
may lead to partide growth that results in a substantial reduction in lung iwnetration and a corresponding decrease in 
bioavaiiabiEty. Such dosing incongruities markedly decreese the effectiveness of eny treatment. 

The present invention overcomes these and other difficulties by providing stabilized dispersions with 
a suspension medium that preferebly comprises e fluorinated compound (i.e. e fiuorochemical, fluorocarbon or 
perfluorocarbonl. Particulariy preferred embodiments of the present invention comprise fluoracharacals that are 
liqud at room tempereture. As indiceted above, the use of such compounds, whether as a continuous phase or, as 
a suspension medium, provides severe! advantages over prior ert liquid inhalation preparations. In tNs regard, it is 
well estsUished that many fluorochemicals have e proven history of safety and UocompatibiEty in the lung. Further, 
in contrast to aqueous sdutions, fluorochemicals do not negativdy impact gas exchange following pulmonary 
administration. To the contrary, they may actualy be able to improve gas exchange and, due to their unique 
wettebility characteristicSr ere able to carry an aerosolized stream of partides deeper into the lung, thereby 
improving systemic delivery of the desired phannaceuticd compound. In addition, the rdathrdy non-reactive nature 
of fluorochemicds sets to reterd any degredation of an incorporated bioactive egent Rnalty, many fluorochemicds 
ere dso bacteriostetic ttereby decreasing the potentid for microbid growth in compatible nebulizer devices. 

In any event nebuEzer mediated aerosoEzetion typicdiy requires en input of oiergy in order to produce the 
increased surfsce area of the droplets and, in some cases, to provide transportation of the atomized or aerosdized 
med cament. One common mode of aerosofization is faming a stream of flud to be elected from a nozzle, wherdiy 
droplets are formed. With respect to nebuEzed administration, addtiond energy is usudly imparted to provide 
droplets that vull be suffidently smaO to be transported deep into the lungs. Thus, additiond energy is needed, such 
as that provided by e high vdodty gas stream or a piezodectric crystd. Two popular types of nebdizers, jet 
nebdizere end dtrasodc nebulizers; rdy on the eforementioned methods of applying additiond energy to the fluid 
during atomization. 

In tenns of pdmonery ddivery of bioactive egents to the systemic circdetion via nebdization, recent 
research has focused on the use of portable hend-hdd dtrasonic nebdizers; dso referred to as metered sdutions. 
These devices, generally known as dngle-bdus nebuEzers, eerosdize a dngle bolus of medicetion in an aqueous 
sdution with e pertide dze effident for deep lung ddhrery in one or two breaths. These devices fall into three broad 
categories. The first category comprises pure piezodectric dngle-bdus nebdizere such es those described by 
Mutterida et d., (J. Aerosd Mei 1988; 1:231). In enother category, the dedred aerosol doud may be generated 
by microchennd extruaon dngle-bdus ndidizere such as those described in U.S. Pat No. 3,812,854. Rndiy, a third 
category comprises devices exempEfied by Robertson, et. d., (WO 9211 1050) which describes cycfic pressurization 
dngb-bdus nebuSzers. Eech of the eforementioned references is incorporated herdn in tbdr entirety. Most devices 
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are tnanuaOy actuated but some devices exist which are breath actuated. Breath actuated devices work by 
releasing aerosol when the device senses the patient inhaling through a circuit. Breath actuated nebulizers may also 
be placed in-line on a ventflator circuit to release eerosd into the air fbw which comprises the inspiration gases for a 
patient. 

Regardless of wluch type of nebdizer is employedt it is an advantage of the present invention that 
biocompatible nonaqueous compounds may be used as suspension mediums. Preferably, they will be able to fonn 
aerosols upon the application of energy thereto. In general, the selected suspmsion medum should be biocompatifale 
(i.e. relatively non-toxic) and non-reactive with respect to the suspended perforated microstructures comprising the 
bioectivB agent. Preferred embodunents comprise suspension media selected from the group consisting of 
fluorochemical^ fluoracarbons (induding those substituted with other halogens), perfluimwarbons; 
fluorocarbonihydrocarbon diUocks, hydrocarbons, alcohols, ethers, or combinations thereof. It wil be appreciated 
that the suspension medum may comprise a mbcture of various compounds selected to impart specific 
characteristics. It will also be appreciated that the perforated microstructures ere preferably insoluble in the 
suspension medium, thereby providing for stabilized medicament particles, and effectively protecting a selected 
bioactive agent from degradation^ as might occur during prolonged storege in an aqueous sdutioa In preferred 
embodiments; the selected suspension medium is bacteriostatic. The suspension formuletion also protects the 
bioBctive agent from degradation dimng the nebuizetion process. 

As indicated above, the suspension media may comprise any one of a number of different compounds 
including hydrocarbons, fluorocarbons or h^rocarbonffluorocarfaon diUocks. In general the contemplated 
hydrocarbons or highly fluorinated or perfluorineted compounds mey be linear, branched or cyclic, saturated or 
unsaturated compounds. Conventional structural derivetives of these fluorochemicBis and hydrocarbons are also 
contemplated as being within the scope of the present mvention as well. Selected embodments comprising these 
totally or partially fluorinated compounds may contain one or more hetero-atoms andior atoms of bromine or chlorine. 
Preferably, these fluorochemicals comprise from 2 to 16 carbon atoms and indudo, but are not limited to, Onear, 
cyclic or pdycycEc perfluorodkanes, UsiparfluorodkyDdkenes, perfluoroethers, perfluoroemines, perfluorodkyi 
bromides and perfiuoroalkyi chlorides such as dchlorooctane. Particdariy preferred fluorinated compounds for use in 
the suspension medum may comprise perfluorooctyl bromide CJF^fit (PFOB or perfiubron), ddilorofluoraoctane 
Zffyfiii, and the hydrofluorodkane perfluorooctyl ethane CeFtrCjHs (PFOEI. With respect to other embedments, the 
use of perfluorohexane or perRuoropentene as the suspension medum is espedaBy preferred. 

More generdly, exemplary fluorochemicels which ere contemplated for use in the present invention 
generdly indude hdogeneted fluorochemicds fi.e. C^Fj^^.X, KJ^J^ where n - 2-10, X - Br, CI or i) and, in 
particular, 1-bromo-F-butane n-C^FgBr, I bromo-Fhexane (n-CeFnBrL l-bromo-Fheptane {n-C7F,5Brl, l,4.dbromo-F- 
butene end 1,6-dbromo-F-hexane. Other useful brominated fluorochemicels ore dsdosed in US Potent No. 
3,975,51 2 to Long and are incorporated hffdn by refmice. Spedfic fluorochemicds having chloride substituents, 
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such as perfluoroKtyl cHoride (ivCeFi7CI|, 1,8-dicHonhF-octane In-CICBFteCO, 1,6 dicMoro-F-hexane (n^lCeFijCI), and 
1, 4*(Echloro-F-fautan8 (rhCIC4F8CI| are also preferred. 

Fluorocarbons; fluorocarbon-hydrocarbon compounds and halogenated fluorochemicals containing other 
linkage groups, such as esters, thioethers and ammes are also suitable for use as suspension medie in the present 
invention. For instance, compounds having the general formtio, C/2n^,0C„F2h,«i, or CnFa,«iCH-CHCB^2ii«u (as for 
example C4F9CH-CHC4F9 IF44EL i-CaFsCH-CHCsFn (Fi36EL and CeFiaCH-CHCeFjalF^GE)) whne n and m are the 
same or Afferent mid n and m are integers from about 2 to about 12 are compatible with teecMngs herein. Useful 
fluorochemicai'hydrocarbon diUock and triUock compounds induda those with the ^nera! formulas Otfj^^v^afitn^i 
and C„F2bmC„H2^„ where n - 212; m - 2-16 or CpH2p„-C/2„-C„Ha„*i, where p - 112, m - M2 and n - 2-12. 
Preferred compounds of this type include CJF^iCjii^ CeFnCioHzi/ CsFijCgHi?. CeFnCH-CHCBHo and 
CfiFiTCH-CHCtoHj,. Substituted ethere or poiyethers (Ia yCJFJlCM XCFOWz^OCFzX, where n and m - 14, X 
- Br, CI or II and fluorochemcal-hydrocarbon ether diUocks or triblocks (i.e. C„F2no-0-C„H2„,*i, where n - 2-10; m - 
2-16 or CpHspM-O-C/sn'O-CmH^n^u where p - 2-12, m - M2 and n - M2) may also used as well as C„F2,«,0- 
Cn.F2mOCpH2p«i, whoreln n, m and p are from M2. Furthennnore, depending on the appScalion, perfluoroalkylated 
ethers or polyethere mey be compatible with the claimed dispersions. 

Polycydic end cyclic fluorochemicels, such as CqFis (F-decalin or perfluorodecain), 
perfluoroperhydrophenanthrene, perfluorotetramethykydohexane (AP-144) and perfluoro n-butyldecalin are also 
within the scope of the invention. Additional useful fluorochemtcais include periluorinated amines, such as F- 
tripropylamine TFTPAT and F-tributyiamine ("FTBA"). F-4-methyloctahydrcquinflliane ("FMOQ"), F*raethyl- 
decahydrdsoquinoline rFMIQ"), F#methyldecahydroquinolinB rFHQ"), F-N-cydohexyipyrrdidine ("FCHP") and F-2- 
butyltetrahydrofuran rFC-75"or "FC77"). Still other useful fluorinated compounds include perfluorophenanthrene, 
perfiuoromethyidecalin, perfluorocfimethylethylcyclohexane, perfluorodknethyidecafin, periluorodiethyldecelin, 
perfluoromethyladamantane, perfluorodimethyladamantane. Other contemplated fluorochemicals having nonfluorine 
substituents, such as, perfluorooctyl hydride, and similar compounds having (Efferent numbers of carbon atonfis are 
also useful. Those skilled in the art will further appredate that other variously modified fluorochenucals ere 
encompassed within the broad definition of fluorochemn:d es used in the instant appScation and suitable for use in 
the present invention. As suchr each of the foregoing compounds may be used, alone or in combinetion with other 
compounds to fonn the stabilized dspersions of the present invention. 

Spedfic fluorocarbons, or dasses of fluorinated compounds, that may be useful as suspension mode 
inchide, but are not limited to, fluoroheptane, fluorocydoh^tane fluoromethylcydoheptenes, fluorohexane, 
fluorocydohexene, fiuoropentane, fluorocyclopentane, fluoromethylcydopentene, fluorodmethyteydopentenes, 
fluoromethylcydobutene, fluorocfimethylcydobutane, fluorotrimethyteydobutane, fiuorobutane, fluorocydobutane, 
fluoroprapane, fluoroethere, fluoropdyethers and fluorotriethylemines. Such compounds are generally 
environmentaliy sound and are biologically non-reactive. 
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WMb any fluid compound capable of producing an aerosd upon the application of energy may be used in 
conjunction vuith tha present invention, the selected suspension medium will prefereUy have a vapor pressure less 
than about 5 atmospheres and more preferably less than about 2 atmospheres. Unless otherwise specified^ all vapor 
pressures recited herein ere measured at 25°C. In other embod ments; preferred suspension media compounds wiD 
5 have vapor pressures on the order of about 5 torr to about 760 torr, with more preferable compounds having vapor 
pressures on the order of from about 8 torr to about 600 torr, while still more preferable compounds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such suspension media may be used in conjunction 
with compressed air nebdizerSr ultrasonic nebulizers or with mechanicel atonuzers to provide effective ventilation 
therapy. Moreover, more volatile cranpounds may be mixed with lower vapor pressure components to provicte 

10 suspension media having specified physical characteristics selected to further improve stability or enhance the 
bioavaiiability of the cfispersed bioactive agent 

Other embodiments of the present invention drocted to nebuGzers win comprise suspension mode that boil 
at selected temperatures under andiient condtions (i.e. 1 atm). For example; preferred embedments will comprise 
suspension meda compounds that boil above 0*^C, above 5°C, above 10*^0, above 15*^, or above 20°C. In other 

1 S embodments, the suspension meda compound may boil at or above 25^0 or et or above 30^0. In yet other 
embedments, the selected suspension media compound may bdl at or above human body temperature (Le. 37**Cl 
above AS^'C, SS'^C, OS^'C, K'^Z, BS'^C or above lOO^'C. 

Along with MDIs and nebulizers, it will be appreciated that the stabilized dispersions of the present 
invention may be used in con^nction with liquid dose instillation or LOI techniques. Liquid dose instiBation involves 

20 the drect administration of a stabilized dspersion to the hing. In this regard, drect pulmonary administration of 
bioactive compounds is particularly effective in the treatment of dsorders especially where poor vascular circulation 
of dseesed portions of a lui^ reduces the effectiveness of intravenous drug delivery. With respect to LDI the 
stabilized dispersions are preferebly used in conjunction with partial liquid ventilation or total liquid ventilation. 
Moreover, the present invention may further comprise introducing a therapeutically beneficial amount of a 

25 physiologically acceptaUe gas (such as nitric oxide or oxygen) into the phannaceutical microdspersion prior to, during 
orfdlowing administration. 

For LDI, the dispersions of the present invention may be administered to the lung using a pulmonary 
delivery condut. Those skilled in the art will appreciate the term "pulmonary delivery conduit", as used herein, 
shall be construed in a broad sense to comprise any device or apparatus, or component thereof, that provides 

30 for the instillation or administration of a liquid in the lungs. In this respect a pulmonary delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotracheal tube or bronchoscope that provides for the administration or instillation of the disclosed 
dispersions to at least a portion of the pulmonary air passages of a patient in need thereof. It will be 
appreciated that the delivery conduit may or may not be essociated with a liquid ventilator or gas ventilator. 
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in particutariy preferred embotfiments the delivery conduit shall comprise an endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechanical ventilator) or nonventilated, patients ie.g. those undergoing 
5 spontaneous respiration). Accordingly, in preferred embodiments the methods and systems of the present 
invention may comprise the use or inclusion of a mecharecal ventilator. Further, the stabilized dispersions of 
the present invention may also be used as a lavage egent to remove debris in the lung, or for diegnostic lavage 
procedures. In any case the introduction of liquids, particularly fluorochonicals. into the lungs of a patient is 
well known and could be accomplished by a skilled ertisan in possession of the instant specification without 

1 0 undue experimentation. 

Those skilled in the art will appreciate that suspension media compatible with LDI techniques are 
similar to those set forth above for use in conjunction with nebulizers. Accordingly, for the purposes of the 
present application suspension media for Aspersions compatible with LDI shall be equivalent to those 
enumerated above in conjunction with use in nebulizers. In any event, it will be appreciated that in 

IS particularly preferred LDI embodiments the selected suspension medium shall comprise a fluorochemical that 
is liquid under ambient conditions. 

it will be understood that, in connection with the present invention, the disclosed dispersions are 
preferably administered directly to at least a portion of the pulmonary air passages of a mammal. As used 
herein, the terms "direct instillation" or "direct administration" shall be held to mean the introduction of a 

20 stabilized dispersion into the lung cavity of a mammal. That is, the disperdon will preferably be administered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passing through a 
delivery conduit and into the pulmonary mr passages. In this regard, the flow of the dispersion may be gravity 
assisted or may be afforded by induced pressure such as through a pump or the compression of a syringe 
plunger. In any case, the amount of dispersion administered may be monitored by mechanical devices such es 

25 flow meters or by visual inspection. 

While the stabilized dispersions may be administered up to the functional residual capacity of the lungs of a 
patent, it will be appreciated that sdected embodiments will comprise the pulmonary admiristration of much smdier 
volumes (e.g. on the order of a milliliter or less). For example, depending on the disorder to be treated, the volume 
aMnistered may be on the order of 1, 3, 5, 10, 20, 50, 100, 200 or 500 milliliters. In preferred embodiments the 

30 liquid volume is less than 0.25 or 0.5 percent FRC. For particularly preferred embodiments, the liquid volume 
is 0.1 percent FRC or less. With respect to the edministration of relatively low volumes of stebilized 
dispersions it will be appreciated thet the wettability and spreeding characteristics of the suspension metfia 
(particularly fiuorochamicals) will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments it may be preferable to administer the suspensions a volumes of greater than 0.5, 0.75 

3S or 0.9 percent FRC. In eny event, LDI treatment as disclosed herein represents a new alternative for critically 
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ill patients on mechanic^ ventilators, and opens the door for treatment of less ill patients with bronchoscopic 
administration. 

It wiO also be understood that other components can be included in the stabilized cEspersions of the present 
invention. For exemple; osmotic agents, stabOiiers, chelators, buffers, viscosity modulators, salt^ and sugars can be 
added to fine tune the stabilized dispersions for maximum Sfe and eese of administration. Such components may be 
added directly to the suspension medium or essodated with, or incorporated in, the perforated microstructures. 
Considerations such ss stenlty, isotonicity, and biocompatifaiity may govern the use of conventional additives to the 
disdo^ compositions. The use of such agents will be understood to those of orcf nary skifl in tte art and the 
spediic quantities; ratios, and types of agents can be detennined empirically without undue experimentation. 

Moreover, while the stabilized dispersions of the present invention are particularly suitable for the 
pulmonary admirsstration of bioactive egents, they may also be used for the localized or systemic administration of 
compounds to any location of the body. Accordingly, it should be emphasized that in preferred embedments, the 
formulations may be atbninistered using a number of (fit ferent routes including, but not limited to, the gastrointestinal 
tract, the respiratory tract, topically, intramuscularly, intraperitoneany, nasally, vaginally, rectally, aurally, orally or 
ocular. More generdly, the stabilized (fepersions of the present invention may be used to deliver agents topically or 
by administration to a non-ptilmonary body cavity. In preferred embodiments the body cavity is selected from the 
group consisting of the peritoneum, dnus cavity, rectum, urethra, gastrointestinal tract nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among other indcations, stsbilized dispersions comprising the 
appropriate bioactive agent (e.g. an antiUotic or an anti-inflammatory), may be used to treat infections of the eye, 
sinusitis, infa:tions of the auditory tract and even infections or disorders of the gastrointestinal tract. With respect 
to the latter, the dispersions of the present invention may be used to selectively deliver phannaceutical compounds to 
the Ening of the stomach for the treatment of H. ^j^o/i infections or other deer related disorders. 

With regard to the perforated microstructure powders and stabiized dispersions disclosed herein those 
skiled in the art will appreciate that they may be advantageously supplied to the physician or other heeith cere 
professional, in a sterile, prepackaged or kit form. More particularly, the formulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, ready to mix components. When provided in a ready to use form, the powders or 
dispersions may be packaged in single use containers or reservoirs, as well as in multi-use containers or 
reservoirs. In either case, the container or reservoir may be associated with the selected inhalation or 
administration device and used as described herein. When provided es individual components (e.g., as 
powdered microspheres end as neat suspension medium) the stabilized preparations may then be formed at 
any time prior to use by simply combining the contents of the containers as (firected. Additionelly, such kits 
may contain a number of reedy to mix, or prepackaged dosing units so thet the user can then administer them 
as needed. 
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Althaugh piBferred embodimBfits of the present invention comprise powders end stsbilized dispersions for 
use in phemiBGeuticBl ^idicBtions, it will be epprsdeted thst the perforeted microstructures end dsdosed 
(fispersions mey be used for e number of non phanneceuticBl epplications. Thet is, the present invention provides 
perforeted microstructures which have e farosd rsnge of eppiicetions where e powder is suspended end/or 
eerosolized. In perticuler, the present invention is especislly effective where en ective or bioective ingredient 
must be dissolved, suspended or solubilized es fast es possible. By increasing the surf ece area of the porous 
microparticles or by incorporetion with suteUe excipients as described herein, will result in an improvement in 
dispersibility, and/or suspension stebility. In this regard, rapid dispersement eppiicetions include, but ere not 
limited to: detergents, dishwesher detergents, food sweeteners, condiments, spices, mineral flotation 
detergents, thickening egents, foliar fertilizers, phytohOTmones, insect pheromones, insect repellents, pet 
repellents, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that require finely divided particles in a non-aqueous suspension media |i.e^ solid , liqud 
or gaseous) are also contempleted as being within the scope of the present invention. As expleined herein, 
the use of perforated microstructures to provide a "homodispersion" minimizes particle-particle interections. 
As such, the perforated microspheres and stabilized suspensions of the present invention are particularly 
compatible with applications that require: inorganic pigments, dyes, inks, points, explosives, pyrotechnic, 
adsorbents, ebsorbents, catalyst, nucleating agents, polymers, resins, insulators, fillers, etc. The present 
invention offere benefits over prior art preparations for use in applications which require eerosoGzation or 
atomization. In such non pharmeceuticel uses the preperations can be in the forni of a Gquid suspension (such 
as with a propellanti or as e dry powder. Preferred embodiments comprising perforated microstructures as 
described herein include, but are not limited to, ink jet printing formulations, powder coating, spray paint, 
spray pesticides etc. 

The foregoing description will be more fdly understood vwth reference to the following Examples. Such 
Examples, are, however, merely representative of prefen^d methods of practicing the present invention end should 
not be read es limiting the scope of the invention. 

I 

Preoaration of Hollow Poro us Particles of Gentamicin Sulf ete bv Sprav-Drvino 

40 to 60ml of the following solutions were prepared for sprey drying: 

50% w/w hydrogenated phosphatidylcholine, E-100-3 

(Lipoid KG, Ludwigshafen, Germany) 
50% w/w gentamicin sulfate (Amresco, Solon, GHI 
Perfluorooctylbromide, Perflubron (NMK, Japan) 
Ddonized water 

Perforated microstructures comprising gentamicin sulfete were prepared by a spray drying 
technique using e B-191 Mini Spray-Drier (Buchi, Flawil, Switzeriand) under the following conditions: 
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aspiration: 100%, inlet temperature: 85°C; outlet temperature: 61^0; feed pump: 10%; Nj flow: 2,800 LIhr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Fluorocarbon-in-water emulsions of perfluorooctyl bromide containing a 1:1 w/w ratio of 
phosphatidylcholine (PC), and gentamicin sulfate were prepared varying only the PFCIPC ratio. 1.3 grams of 
S hydrogenated egg phosphatidylchofine was dispersed in 25 mL deionized water using an Ultra-Turrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70*'C|. A renge from 0 to 40 grams of perflubron was 
added dropwise during mixing IT - 6070°C|. After addition was complete, the fluorocarbon-in-water emulsion was 
mixed for an addtional period of not less than 4 minutes. The resulting coarse emulsons were then homogenized 
under high pressure with an Avestin (Ottawa* Canada) homogenizer at 15,000 psi for 5 passes. Gentamicin sulfate 
10 was dissolved in approximately 4 to 5 ml deionized water and subsequently mixed with the perflubron emulsion 
immediately prior to the sprsy dry process. The gentamicin powders were then obtained by spray drying using 
the conditions described above. A free flowing pale yellow powder was obtained for all perflubron containing 
formulations. The yield for eech of the various formulations ranged from 35% to 60%. 

15 II 

Morphology of Geptqrpicjfi Sulfate Spray-Dried Powders 
A strong dependence of the powder morphology, degree of porosity, and production yield was observed as 
a function of the PFC/PC ratio by scanning electron microscopy (SEM). A series of six SEM microgrsphs 
illustrating these observetions, labeled 1A1 to 1F1, ere shown in the left hand column of Fig. 1. As seen in 

20 these micrographs, the porosity end surface roughness was found to be highly dependent on the 
concentration of the blowing agent, where the surface roughness, number and size of the pores increased 
with increasing PFCfPC ratios. For example, the formulation devoid of perfluorooctyl bromide produced 
microstructures that appeared to be highly egglomerated and reedly adhered to the surface of the glass vial. 
Similarty, smooth, spherically shaped micropartides were obtained when relatively little (PFC;PC ratio - 1.1 

23 or 2.2) blowing agent wes used. As the PFCIPC retio was increased the porosity and surface roughness 
increased drematically. 

As shown in the right hand column of Fig. 1, the hollow nature of the microstructures wes else 
enhanced by the incorporetion of edditionel blowing egent. More particulariy, the series of six microgrsphs 
labeled 1A2 to 1F2 show cross sections of fractured microstructures as revealed by transmisdon electron 

30 microscopy ITEM). Each of these images was produced using the same microstructure preparation as was used to 
produce the corresponding SEM micrograph in the left hand column. Both the hollow nature end wall thickness of 
the resulting perforated microstructures eppeared to be largely dependent on the concantretion of the 
selected blowing agent. That is, the hollow nature of the preparation appeared to increase and the thickness 
of the particle wells eppeered to decrease as the PFC/PC ratio increased. As mey be seen in Figs. 1 A2 to 1C2 

35 substantially sdid structures were obtained from formulations containing little or no fluorocarbon blowing 
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agent. Conversely, the perforated microstructures produced using a relathnly Mgh PFC IPC ratio of 
approximately 45 (shown in Hg. 1F2 proved to be extremely hollow with a relatively thin wall ranging from 
about 43.B to 261nm. Both types of partides are compatiUa for use in the present invention. 

5 III 

Preparation of Snrav Dried Gentamidn 

Sulfate ParticlBs using Various Blowino Agents 

40 milliliters of the following solutions were prepared for spray drying: 

50% w/w Hydrogenated Phosphatidylcholine, E 1 00-3 
1 0 (Lipoid KG, Ludwigshafen, Germany) 

50% w/w Gentamicin Sulfate (Amresco, Solon Ohio) 
Deionized water. 

Blowing Agents: 

1 S Perfluorodecalin, FDC (Air products, Allenton PA) 

Perfluorooctylbromide, Perflubron (Atochem, Paris, France) 

Perfluorhexane, PFH (3M, St. Paul, MN) 

l,l,2 trichlorotrifluoroethane, Freon 113 (Baxter, McGawPark, ID 

20 Hollow porous microspheres with a model hydrophilic drug, e.g., gentamicin sulfate, were prepared 

by spray drying. The blowing agent in these formulations consisted of an emulsified fluorochemical |FC| oil. 
Emulsions were prepared with the following FCs: PFH, Freon 113, Perflubron and FDC. 1.3 grams of 
hydrogenated egg phosphatidylcholine was dispersed in 25 mL deionized water using a Ultra-Turrax mixer 
(model T-2SI at 8000 rpm for 2 to 5 minutes IT » 6070). 25 grams of FC was added dropwise during mixing (T 

25 - 60-70**C). After the addition was complete, the FC in- water emulsion was mixed for a total of not less than 4 
minutes. The resulting emulsions were then further processed using an Avestin (Ottawa, Canada) high pressure 
homogenizer at 15,000 psi and 5 passes. Gentamicin sulfate was dissolved in approximately 4 to 5 ml deionized 
water and subsequently mixed with the FC emulsion. The gentamicin powders were obtained by spray drying 
(Buchi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mLfmin. The inlet and outlet 

30 temperatures of the spray dryer were SS^'C and 55*^0 respectively. The nebulization m and aspiration flows 
were 2800 Uhr and 100% respectively. 

A free flowing pale yellow dry powder was obtained for all formulations. The yield for the various 
formulations ranged from 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that ranged from 1 .52 to 4.9 1 fjm. 

35 

IV 

Effect of Blowinfi ftqent nn the Morphploav nf 
Gentamicin Sulfate SDrav Dried Powders 

^9. 
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A strong dependence of the powder morphology, porosity, and production yield (amount of powder 
captured In the cydone) was observed as a function of the blowing agent bdSng point In this respect the powders 
produced in Example III were observed using scanning electron microscopy. Spray drying a fluorochemical (FC| 
emulsion with a boiling point below the 55°C outlet tempereture |e.g., perfluorohaxane IPFH] or Freon 113), 
S yielded amorphously shaped (shriveled or deflated) powders that contained little or no pores. Whereas, 
emulsions formidated with higher boiling FCs (e.g., perflubron, perfluorodecalin, FDC) produced spherical 
porous particles. Powders produced with higher boiling blowing egents also had production yields 
approximately two times greater than powders produced using relatively low boiling point blowing agents. 
The selected blowing agents and their boiling points are shown in Table II directly below. 

10 

Table II 



Blowing Aoent 


(bp 'CI 


Freon 113 


47.6 


PFH 


56 


FDC 


141 


Perflubron 


141 



Example IV illustrates that the physical characteristics of the blowing egent (i.e., boiling point) 
IS greetly influences the ebility to provide perforated micropartides. A particular advantage of the present 
invention is the ability to alter the microstructure morphology and porosity by modifying the conditions and 
nature of the blowing agent. 



V 

20 Preparation of Sorav Dried Albuterol Sulfate 

Particles using Various Blowing Agents 

Approximately 185 ml of the following solutions were prepared for spray drying: 

49% w/w Hydrogenated Phosphatidylcholine, E100-3 

(Lipoid KG, Ludwigshafen, Germany) 
25 50% w/w Albuterol Sulfate 

(Accurete Chemical, Westbury, NY) 
1% w/w Poloxamer 188, NF grade (Mount Olive, NJI 
Oeionized water. 

30 Blowing Aoems: 

Perfluorodecalin, FDC (Air products, Allenton PA) 
Perfluorooctylbromide, Perflubron (Atochem, Paris) 
Perfluorobutylethane F4H2 (F-Tech, Japan) 
Perftuorotributylamine FTBA (3M, St. Peul, MN) 



35 



Albuterol sulfate powder was prepared by spray-drying technique by using a B-191 Mini Spray-Drier 
(Buchi, Flawil, Switzerland) under the following conditions: 
Aspiration: 100% 
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Inlet temperature: 85^C 
Outlet temperature: 61 
Feed pump: 2.5 mL/min. 
N2 flow: 47 L/min. 

The feed solution was prepared by mixing solutions A and B prior to spray drying. 

Solution A : Twenty grams of water was used to dissolve 1.0 grams of Albuterol sulfate and 0.021 
grams of poloxamer 188. 

Solution B represented an emulsion of a fluorocarbon in water, stabilized by a phospholipid, which 
was prepared in the following way. Hydrogenated phosphatidylcholine (1.0 grams) was homogenized in 150 
grams of hot deionized water (T - 50 to GO^'CI using an Ultra Turrax mixer (model T-25> at 8000 rpm, for 2 
to 5 minutes (T - 60-70*'C). Twenty-five grams of Perflubron (Atochem, Paris, France) was added dropwise 
during mixing. After the addtion was complete, the Ruorochemical-in-water emulsion was mixed for at least 4 
minutes. The resulting emulsion was then processed using an Avestin (Ottawa, Canada) high-pressure homogenizer 
at 18,000 psi and 5 passes. Solutions A and B were combined and fed into the spray dryer under the 
conditions described above. A free flowing, white powder was collected at the cyclone separator as is 
standard for this spray dryer. The albuterol sulfate powders had mean volume weighted particle diameters 
ranging from 1.28 to 2.77 //m, as determined by an Aerosizer (Amherst Process Instruments, Amherst, MA). 
By SEM, the albuterol sulfate/phospholipid spray dried powders were spherical and highly porous. 

Example V further demonstrates the wide variety of blowing agents that may be used to provide 
perforated micropartides. A particular advantage of the present invention is the ability to alter the 
microstructure morphology and porosity by manipulating the formulation and spray drying conditions. 
Furthermore, Example V demonstrates the particle diversity achieved by the present invention and the ability to 
effectively incorporate a wide variety of phannaceutical agents therein. 

VI 

Preparation of Hnllow Porous PVA Particles 
bv Snrav Drvina a WatBr-in-oii Emulsion 
100 ml of the following solutions were prepared for spray drying: 

80% wfw Bis (2 ethylhexyl) Sulf osuccinic Sodium Salt, 

(Aerosol OT, Kodak, Rochester, NY) 
20% w/w Polyvinyl Alcohol, average molecular weight -30,000-70,000 

(Sigma Chemicals, St. Louis, MO) 
Carbon Tetrachloride (Aldrich Chemicals, Milwaukee, Wll 
Deionized water. 

Aerosol OT/poiyvinyl alcohol particles were prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (Bijchi, Flawil, Switzeriandl under the following conditions: 
Aspiration: 85% 



-51- 



wo 99/16419 



PCT/US98/20602 



inlet temperature: 60° C 
Outlet tempereture: 43°C 
Feed pump: 7.5 mUmin. 
NjflowraBUmin. 

5 

Solution A : Twenty grams of water was used to tfissolve 500 milligrams of polyvinyl alcohol (PVA). 

Solution B represented en emulsion of carbon tetrachloride in water, stabilized by aerosol OT, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in 80 grams of carbon 
tetrechloride using a Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 minutes (T - IS"" to 20''C). 
1 0 Twenty grams of 2.5% w/v PVA was added dropwise during mixing. After the addition was complete, the water 
in-oil emulsion was mixed for a total of not less than 4 minutes IT - 1 5" to 20*^0). The resulting emulsion was then 
processed using an Avestin (Ottawa, Canada) high-pressure homogenizer et 12,000 psi and 2 passes. The emulsion 
was then fed into the spray dryer under the conditions described above. A free flowing, white powder was 
collected at the cyclone separator as is standard for this spray dryer. The Aerosol OTfPVA powder had a 
15 mean volume weighted particle diameter of 5.28 ± 3.27 f/m as determined by an Aerosizer (Amherst Process 
Instruments, Amherst MA). 

Example VI further demonstrates the variety of emulsion systems (here, reverse water-in-oill, 
formulations and conditions that may be used to provide perforated microparticles. A perticular advantage of 
the present invention is the ability to alter formidations and/or conditions to produce compositions having a 
20 microstructure with selected porosity. This principle is further illustrated in the following example. 

VII 

Preparation of Hollow Porous Polvcaprolactone 
Particles bv Sn rav Drvino a Water-in-Oil Emulsion 
25 1 00 mis of the following solutions were prepered for sprsy drying: 

80% w/w Sorbitan Monostearate, Span 60 (Aldrich Chemicals, MihA/aukee, Wll 
20% w/wPolycaprolactone, average moleculer weight - 65,000 
(Aldrich Chemicals, Milwaulcee, Wl] 
3 0 C8rt}on Tetrachloride (Aldrich Chemicals, Milwaukee, Wl) 

Deionized water. 

Span 60/polycaprolactone particles were prepared by spray-drying technique by using a B-191 Mini 

Spray*Drier (Biichi, Flawil, Switzeriand) under the following conditions: 

35 Aspiration: 85% 

Inlet tempereture: 50°C 
Outlet tempereture: 38^C 
Feed pump: 7.5 mUmin. 
N2 flow: 36 LImin. 

40 
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A water-in-carbon tetrachloride emulsion was prepared in the following manner. Two grams of 
Span 60, was dispersed in 80 grams of carbon tetrachloride using an Ultra Turrax mixer (model T-251 at 8000 
rpm for 2 to 5 minutes IT - 15 to 20**C|. Twenty grams of deionized water wes added dropwise during 
mixing. After the addition was complete the water-in^iil emulsion was mixed for a total of not less than 4 minutes 
S (T - 1 5 to 20^0). The resulting emulsion was then further processed using an Avestin (Ottawa, Canada) high- 
pressure homogenizer et 12,000 psi and 2 passes. Five hundred milligrams of polycaprolactone was sdded 
directly to the emulsion ani mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the conations described above. A free flowing, white powder was collected at the cydone separator 
as is standard for this dryer. The resulting Span SOfpolycaprolactone powder bed a mean volume weighted 
10 partide diameter of 3.15 ± 2.17 ^m. Again, the present Example demonstrates the versatility the instant 
invention with regard to the feed stock used to provide the desired perforated microstrxture. 

VIII 

15 Preparation of hollow porous powder bv sprav drvino a oas-in-water emulsion 

The following solutions were prepared with water for injection: 
Solution 1: 

3.9% w/v m-HES hydroxyethylstarch (Ajinomoto, Tokyo, Japan} 

20 3.25% w/v Sodium chloride (Malllnckrodt St. Louis, MO) 

2.83% w/v Sodium phosphate, dibasic (Malllnckrodt, St. Louis, MO) 
0.42% w/v Sodium phosphate, monobasc (Mallinckrodt, St. Louis, MO) 

Sdution 2: 

25 

0.45% w/v Poloxamer 1 88 (BASF, Mount Olive, NJ) 
1 .35% w/v Hydrogeneted egg phosphatidylcholine, EPC-3 
(Lipoid KG, Ludwigshafen, Germany) 

The ingredients of sdution 1 were dissolved in wann water using a stir plate. The surfactants in sdution 2 
30 were dispersed in water using a high shear mixer. The sdutions were combined following emdsification and 
saturated with rotropn prior to sprsy drying. 

The resulting dry, free flowing, hdlow sphericd product hod e mean partide diameter of 2.8 ± 1.5 
/ym. The particles were sphericd and porous as determined by SEM. 
35 This exemide illustrates the pdnt that a wide of blowing agents (here nitrogen) may be used to 

provide microstructures exhibiting the dedred morphdogy. Indeei one of the primary advantages of the 
present invention is the ability to alter formation conditions so as to preserve bidogicd activity (i.e. with 
proteins), or to produce microstructures having selected porodty. 

40 IX 

Suspendon Stabilitv of Gentamidn Sulfate Snrav-Dried Pnwdiira 
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The suspension stability was defined as, the resistance of powders to cream in a nonaqueous 

mecSum using a dynamic photosedimentation method. Each sample was suspended in Perflubron at a 

concentration of 0.8 mg/mL. The creaming rates were meesured using a Horiba CAPA-700 

photosedimentation particle size analyzer (Irvine, CA) untbr the following conditions: 

5 D(max): 3.00 |/m 

DImin.): 0.30 //m 

D(Div): 0.10//m 
Rotor Speed: 3000 rpm 

X: 10 mm 

10 

The suspended particles were subjected to a centrifugal force and the absorbance of the suspension 
was measured as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. Absorbance data was plotted versus time and the area under the curve was integrated between 0.1 
and 1 min., which was taken as a relative measurement of stability. Figure 2 graphically depicts suspension 

1 S stability as a function of PFCfPC ratio or porosity. In this case, the powder porosity was found to increase 
with increasing PFCfPC. Maximum suspension stability was observed with formulations having PFC/PC ratios 
between 3 to 15. For the most part, these fomiulations appeared stsble for periods greater than 30 minutes 
using visual inspection techniques. At points beyond this ratio, the suspensions flocculated repidly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 

20 that suspensions with PFC/PC ratios between 3 to 15 had a reduced cream layer thickness, inificating 
f svorable suspension stebOity. 

X 

Preparation of Hollow Porous Particles of Albuterol Sulfate bv Snrev-Drvina 
25 Hollow porous elbuterol sulfate particles were prepered by a spray-drying technique with a B-181 

Mini Spray-Drier (Buchi, Rawil, Switzerland) under the following sprsy conditions: aspiration: 100%, inlet 
temperature: SS^'C; outlet temperature: BI^'C; feed pump: 10%; flow: 2,800 Uhr. The feed solution was 
prepared by mixing two solutions A and B immedietely prior to spray drying. 

Solution A: 20g of water was used to dssolve 1g of elbuterol sulfate (Accurate Chemical, 
30 Westbury, NY) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

Solution B: A fluorocarbon-in-water emulsion stabiGzed by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshefen, Gennany), was homogenized in 
150g of hot deionized water (T - 50 to 80<'C) using en Ultre-Turrax mixer (model T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70*>C). 25g of perfluorooctyl bromide (Atochem, Paris, France) wes added dropwise during 
3 5 mixing. After the fiuorocarbon was added, the emulsion wes nuxed for a period of not less than 4 minutes. The 
resulting coerse emulsion wes then pessed through a high pressure homogenizer (Avestia Ottawa, Canada) at 
18,000 psi for 5 passes. 
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Solutions A and B were combined and fed into xhs spray-dryer under the concEtions described above. 
A free flowing, white powder was collected at the cyclone seperator. The hollow porous albuterol sulfate 
particles had a volume-weighted mean aerodynamic diameter of 1.18 ± 1.42 //m as determined by e time-of- 
flight enalytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron microscopy * 
(SEM) analysis showed the powders to be spherical and MgMy parous. The tap density of the powder was 
detemuned to be less than 0.1 g/cml 

This foregdi^ example smes to illustrate the inherent diversity of the present invention as s drug delivery 
platform capable of effectively incorporating any one of e number of phamiaceutical agents. The principle is further 
illustrated in the next example. 

XI 

Preoeration of Hollow Porous Particles of BDP bv Snrav-Drvinp 
Perforated microstructures comprising beclomethasone (fipropionate (BDP) particles were prepared 
by a spray-drying technique with e B-191 Mini Spray-Drier (Buchi, Flawil, Switzerland) under the following 
spray conditions: aspiration: 100%, inlet tonperature: SS^'C; outlet temperature: BI'^C; feed pump: 10%; N2 
flow: 2,800 Lfhr. The feed stock was prepared by mixing 0.1 1g of lactose with e fluorocarbon-in-weter 
emulsion immedietely prior to sprey drying. The emulsion was prepared by the technique described below. 

74 mg of BDP (Sigma, Chemicel Co., St. Loiis, M0|, 0.5g of EPC-100-3 (Lipoid KG, Ludwigshafen, 
Germany), 15mg sodium oleate (Sigma), and 7mg of poloxamer 188 (BASF, Mount Olive, NJ) were dissolved 
in 2 ml of hot methenol. The methenol was then evaporated to obtain a thin film of the phospholipid/steroid 
mixture. The phospholipid/steroid mixture was then dispersed in 64g of hot ddonized water IT - 50 to 60"C) 
using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70°C). 8 g of perflubron 
(Atochem, Paris, France) was added dropwise during mixing. Aftw the eddition wes complete, the emulsion was 
mixed for an additional period of not less than 4 nunutes. The resulting coarse emulsion was then passed through a 
high pressure homogenizer (Avestin, Ottewa, Canada) at 18,000 psi for 5 passes. This emulsion wes then used to 
fomi the feed stwk which was spray dried as described sbove. A free flowing, white powder was collected at 
the cyclone seperator. The hollow porous BDP particles had a tap density of less then 0.1 g/cml 

XII 

Preneration of Hollow Pn rous Particles of Cromolvn Sodium fav Sprav Drvinn 
Perforated microstructures comprising cromolyn sodium were prepared by a spray-drying technique 
with a B-191 Mini Spray-Drier (BSchi, Flawil, Switzerland) under the following spray condtions: aspiration: 
100%, inlet temperature: BB'^C; outlet tempereture: BrC; feed pump: 10%; Nj flow: 2,800 Uhr. The feed 
solution wes prepered by mixing two solutions A and B immediately prior to spray drying. 
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Solution A: 20g of water was used to (fissdve 1 g of cramolyn sodium (Sigma Chemical Co, St. Louis, 
MO) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshafen, Gemiany), was homogenized in 
5 1 50g of hot deionlzed water (T - 50 to 60**C) using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70^C|. 27g of perfluorodecalin (Air Products, Allentown, PA) was added dropwise during 
mixing. After the fluorocarbon was added, the emulsion was mixed for at least 4 minutes. The resulting coarse 
ennision was then passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 
passes. 

1 0 Solutions A and B were combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous cromolyn 
sodium particles had a volume-weighted mean aerodynamic diameter of 1.23 ± 1.31 fjm as determined by a 
time of-flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). As shown in Rg. 3, 
scanning electron microscopy (SEM) enalysis showed the powders to be both hollow and porous. The tap density of 

1 5 the powder was detemfined to be less than 0.1 glcml 

XIII 

Preparation of Hollow Porous Particles of DNase I bv Sprav Drvinn 
Hdlow porous DNase I particles were prepared by a spray drying technique with e B-191 Mini 
20 Spray-Drier (Buchi, Rewil, SwiUeriand) under the following conditions: aspiration: 100%, inlet temperature: 
80'C; outlet temperature: OrC; feed pump: 10%; Nj flow: 2,800 L/hr. The feed was prepared by mixing two 
solutions A and B immediately prior to spray drying. 

Solution A: 20g of wster was used to dssdve 0.5gr of human pancreas DIUase I (Calbiochem, San 
Diego CA) and 0.01 2g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 
25 Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 

following way. The phospholipid, 0.52g EPC-100-3 (Lipoid KG, Ludwigshsfen, Germeny), was homogenized in 
87g of hot deionized water IT - 50 to 60''C) using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 
minutes (T - 60-70''C). 13g of perflubron (Atochem, Paris, France) was added dropwise during mixing. After 
the fluoracartion was addei the emulsion was nuxed for at least 4 minutes. The rasdting coarse emiision was then 
30 passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 passes. 

Solutions A and B were combined and fed into the spray dryer under the conditions described above. 
A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous DNase I 
partides had a volume-weighted mean aerodynamic diameter of 1.28 ± 1.40 A/m as determined by a time-of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron 
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microscopy (SEM) analysis showed the powders to be both hdlow and porous. The tap density of the powder was 
determined to be less than 0.1 g/cm^ 

The foregoing example further iHustrates the extraordinary compatifaSty of the present invention with a 
vmiety of Uoactive agents. That is, in addition to relatively small hardy compounds such as sterdds, the 
5 preperations of the present invention may be fomiulated to effectively incorporate larger, fragile mdecdes such as 
protdns and genetm material. 

XtV 

Preparation of Perforated Ink Polymeric Particles bv Sorav Drvino. 
10 In the following hypothetical example, finely-divided porous sphericel resin particles which may 

contain coloring material such as a pigment, a dye, etc. are fomted using the following f ormdation in 
accordance with the teachings herein: 

Formulation: 

15 Butadiene 7.5 g co-monomer 

Styrene 2.5 g co-monomer 

Water IS.Og carrier 

Fatty Acid Soap 0.5 g emdsifier 

n-Dodecyl Mercaptan 0.050 g modfier 

20 potassium persulfate 0.030 g initiator 

carbon Black 0.50 g pigment 

The reaction is allowed to proceed et 50° C for 8 hours. The reaction is then temiinated by spray 

25 drying the emulsion using a high pressure liqdd chromatography (HPLCI pump. The emulsion is pumped 

through a 200 x 0.030 inch i.d. stainless sted tubing into a Niro atomizer portable spray dryer (Niro Atomize, 

Copenhagen, Denmark) equipped with a two fluid nozzle 10.01** i.d.) employing the following settings: 

Hot air flow rate: 39.5 CFM 

Inlet air temp.: 180**C 
30 Outlet air temperature: 80°C 

Atomizer nitrogen flow: 45 L/min, 1 ,800 psi 
Liqdd feed rate: 33 mUmin 

It will be apprecieted that unreacted monomers serve as blowing agents, creating the perforeted 
35 microstructure. The described f ormdation and conditions yield free flowing porous polymeric particles 
ranging from 0.1-100//m that may be used in ink formulations. In accordance with the teachings herein the 
micropartides have the advantage of incorporating the pigment directly into the polymeric matrix. The 
process diows for the production of different perticle sizes by modifying the components and the spray 
drying conifitions with the pigment partide diameter largdy dictated by the diameter of the copolymer resin 

40 
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XV 

Andersen imnactor Test for Assessing MDI and DPI Performance 

The MDIs and DPIs were tested using commonly accepted pharmaceutical procedures. The method 
utilized was compliant with the United State Pharmacopeia (USP) procedure (Phermacopetal Previews (1996) 
22:3065-3088) incorporated heran by reference. After 5 shots to waste, 20 shots from the test MDI were 
made into en Andersen Impactor. The number of shots employed for essessing the DPI fomiulations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from all the plates, induction port, end ectuator were 
performed in closed vials with 10 mL of a siataUe solvent. The filter was installed but not assayed, because 
the potyacrylic Under interfered with the analysis. The mass balance and particle size distribution trends 
indicated that the deposition on the filter was negligibly small. Methanol was used for extraction of 
beclomethasone dipropionate. Ddonized water was used for albuterol sulfate, and cromolyn sodium. For 
albuterol MDIs, 0.5 ml of 1 N sodium hydroxide was added to the plate extract, which was used to convert 
the elbuterol into the phenolate form. 

Quantitation procedure. All drugs were quantitated by absorption spectroscopy (Beckman DU640 
spectrophotometer) reletive to en external standard curve with the extrection solvent as the blank. 
Beclomethasone dipropionate was quantitated by measuring the absorption of the plate extracts at 238 nm 
Albuterol MDIs were quantified by meesuring the absorption of the extracts at 243 nm, while cromolyn 
sodium was quantitated using the absorption peak at 326 nm. 

Calculation procedure. For each MDI, the mass of the drug in the stem (component -3), actuator (- 
2), induction port (-I) and plates (07) were quantified as described above. Stages -3 and -2 were not 
quantified for the DPI since this device was only a prototype. The main interest was to assess the 
aerodynamic properties of the powder which leaves this device. The Fine Particle Dose and Fine Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition wss defined as 
the mass of drug found in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
(MMAD) and geometric standard diameters (GSD) were evaluated by fitting the experimental cumulative 
function with log-normal distribution by using two-parameter fitting routine. The results of these experiments 
are presented in subsequent examples. 

XVI 

Preparation of Metered Dose Inhalers Containinn Hollow Porous Particies 
A pre-weighed amount of the hollow porous particles prepared in Examples I, X, XI, and XII were 
placed into 10 ml aluminum cans, and dried in a vacuum oven under the flow of nitrogen for 3 * 4 hours at 
40 C. The amount of powder filled into the can was determined by the amount of drug required for 
therepeutic effect. After this, the can was crimp sealed using e DF31/50act 50 I valve (Valois of America, 



-58- 



wo 99/16419 



PCTAJS98/20602 



Greenwich, CTI and filled with HFA-134a IDuPont, Wilmington, DE) propellent by overpressure through the 
stem. The amount of the propellent in the can was determined by weighing the can before and after the fill. 

XVII 

Effect of Powder Porosttv on MDI Performance 

In order to exemine the effect powder porosity has upon the suspension stsbility and aerodynamic 
diameter, MDIs were prepared as in Example XVI with various preperetions of perforeted microstructures 
comprising gentamicin fomiulations as described in Example I. MDIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example I, the spray dried powders exhibit verying 
porosity. The formulations were filled in deer glass vials to allow for visual exemination. 

A strong dependence of the suspension stel^ty and meen volume weighted eerodynemic diameter was 
observed as a function of PFCfPC retio and/or porosity. The volume weighted meen aerodynemic (fiemeter 
(VMAD) decreased and suspension stebility increased with increasing porosity. The powders that appeared 
sofid and smooth by SEM and TEM techniques had the worst suspension stebility and largest mean 
aerodynamic diameter. MDIs which were formulated with highly porous end hollow perforated 
microstructures had the greatest resistance to creeming and the smallest eerodynemic diameters. The 
measured VMAD values for the dry powders produced in Example I ere shown in Table III immediately below. 



Table III 



PFC/PC 


Powder VMAO.jum 


0 


6.1 


1.1 


5.9 


2.2 


6.4 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 



XVIII 

Comperison of Creaming Rates in Cromoivn Sodium Formulations 
A comparison of the creeming retes of the commercial Intel formulation (Rhone-Poulenc Borer) and 
spray-dried hollow porous particles formiiated in HFA- 134a according to Example XII (i.e. see Fig. 3) is shown 
in Figures. 4A to 4D. In each of the pictures, taken et 0 seconds, 30 seconds, 60 seconds and two hours 
after shaking, the commercial formulation is on the left and the perforated microstructure dispersion formed 
eccordence with the present invention is on the right. Whereas the commerciel Intel formuletion shows 
creeming v\rithin 30 seconds of mixing, almost no creaming is noted in the spray-dried particles after 2 hours. 
Moreover, there wes little creaming in perforeted microstructure formulation after 4 hours (not shown). This 
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example clearly Illustrates the balence in density wMch can be achieved when the hollow porous particles are 
filled with the suspension medium (i.e. in the formation of a homodispersion). 

XIX 

5 Andersen Cascade Imoactor Results for Cromolyn Sodium MP! Formulations 

The results of cascade impactor tests for a commerdally available product (Intal^ Rhone Poulenc 
Rorer) and an analogous spray-dried hollow porous powder in HFA-134a prepared according to Examples XII 
and XVI are shown below in Table IV. The tests were performed using the protocol set forth in Example XV. 



10 Table IV 



Cromolvn Sod 


ium MDIs 




MMAO 
(6S0I 


Throat 
Deposition, 


Fine particle fraction, 
% 


Fine Particle Dose, 

g 


Intal'.CFC (n - 4) 
(Rhone Poulenc) 
800 jjg dose 


4.7 ± 0.5 
(1.9 t 0.061 


629 


24.3 ±2.1 


202 ±27 


Spray dried hollow porous 
powder, HFA 
(Alliance) (n~3) 
300 //g dose 


3.4 i 0.2 
(2.0 ± 0.3) 


97 


67.3 ±6.5 


200±11 



The MDI formulated with perforated microstructures was found to have superior aerosol 
perfomiance compared with Inter. At a comparable fine particle dose, the spray dried cromolyn f ormuletions 
possessed a substantidly higher fine particle fraction I" 67%K and significantly decreased throat deposition 
IS (6-fold), along with a smaller MMAO value. It is importent to note that the effective delivery provided for by 
the present invention allowed for a fine particle dose that was approximately the same as the prior ert 
commercial formulation even though the amount of perforated microstructures administered (300 ^/gl wes 
roughly a third of the Intef dose administered (800 j!/g). 

20 XX 

Comparison of Andersen Cascade Imoactor Results for 
Albuterol Strifate Microspheres Delivered From DPIs and MDIs 

The in vitro eerodynamic properties of hollow porous albuterol sulfate microspheres as prepared in 

Example X was characterized using en Andersen Mark II Cascade Impactor (Andersen Sampler, Atlanta, GA) 

25 and an Amherst Aerosizer (Amherst Instruments, Amherst MA). 

DPI testing. Approximately, 300mcg of spray dried microspheres was loaded into a proprietory 

inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 

actuation of 50 //I of pressurized HFA 134e through e long induction tube. The pressurized HFA 134a forced 

air through the induction tube towerd the sample chamber, end subsequently aerosolized a plume of dry 
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10 



15 



powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
chamber for particle size analysis. Ten actuations were discharged from the device into the impactor. A 30 
second interval was used between each actuation. The results were quantitated as described in Example XV. 

MDI testing. A MDI preparation of albuterol sulfate microspheres was prepared as in Example XVI. 
A single actuation was discharged into the aerosizer sample chamber for particle size analysis. Twenty 
actuations were discherged from the device into the impactor. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. 

The results comparing the particle size analysis of the neat albuterol sulfate powder and the 
albuterol sulfate powder discharged from either a DPI or MDI are shown in Table V below. The albuterol 
sulfate powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 



Table V 



Sample 


MeenSizel/nnl 


% under 5.4 jum 


S5% under Urni) 


Neat powder 


1.2 


100 


2.0 


MDI 


2.4 


9BJ) 


5.1 


DPI 


1.1 


100 


1.8 



20 



25 



30 



Similar results were observed when comparing the two dosage forms using an Andersen Cascade 
Impactor (Figure 5). The spray-dried albuterol sulfate powder delivered from the DPI had enhanced deep lung 
deposition and minimized throat deposition when compared with the MDI. The MDI formulation had a fine 
particle fraction (FPFI of 79% and a fine particle dose IFPD) of 77 //g/actuation, while the DPI had a FPF of 
87% and a FPD of 100)[/g/ actuation. 

Figure 5 and the Example above exemplifies the excellent flow and aerodynamic properties of the 
herein described spray-dried powders delivered from a DPI. Indeed, one of the primary advantages of the 
present invention is the ability to produce small aerodynamically light particles which aerosolize with ease and 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from either a MDI or DPI. TWs principle is further illustrated in the next 
Example. 



XXI 

Comparison of Andersen Cascade Impactor Results for 
Bedomethasone Dioropionate Microspheres DaliverBd From DPIs and MDIs 
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The in vitro aerodvnamic properties of hollow porous bedomethasone diproptonate (BDP) 
microspheres as prepared in Example XI was characterized using an Andersen Mark II Cascade Impactor 
(Andersen Sampler, Atlanta, 6A) and an Amherst Aerosizer (Amherst Instruments, Amherst, MA). 

DPI testing. Approximately, 3O0yug of spray-dried microspheres was loaded into a proprietary 
5 inhalation device. Activation and subsequent plume generetion of the dry powder was achieved by the 
actuation of ^QfA of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
powder into the eir. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
10 chamber for particle size analysis. Twenty actuations were discharged from the device into the impactor. A 
30 second interval was used between eadi actuation. 

MDI testing. A MDI preparation of bedomethasone dipropionate (BDP) microspheres was prepered 
as in Example XVL A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty actuations were discharged from the device into the impactor. A 30 second intervel was 
1 S used between each actuation. 

The results comparing the pertide size analysis of the neet BDP powder end the BDP powder 
discharged from either e DPI or MDI are shown in Table VI immediately below. 

Table VI 



Sample 


Mean Size U/m) 


% under 5.4 //m 


95% under turn) 


Neat powder 


1.3 


100 


2.1 


MDI 


2.2 


98.1 


4.6 


DPI 


1.2 


99.8 


2.2 



20 

As with Example XX, the BDP powder delivered from the DPI was indistinguishable from the neat 
powder which indicates that little or no aggregation had occurred during actuation. On the other hand, some 
aggregation was observed using an MDI as evidenced by the larger aerodynamic diameter of partides 
25 delivered from the device. 

The spray-dried BDP powder delivered from the DPI had enhanced deep lung deposition and 
minimized throat deposition when compared with the MDI. The MDI formulation had a fine particle fraction 
(FPF) of 79% and a fine particle dose IFPDI of 77//giactuation, while the DPI had a FPF of 87% and a FPO of 
100/;g/ actuation. 

30 This foregoing example serves to illustrate the inherent dversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of pharmaceutical agents end 
effectively delivered, from various types of delivery devices (here MDI and DPI) currently used in the 
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phannaceutical arena. The excellent flow and aarodynamic proparties of the dry powders shown in the 
proceeding examples is further exemplified in the next example. 

XXII 

Comparison of Andersen Cascade Impactor Results for 
Albuterol Sulfete Microspheres and Ventolin Rotacaps** from a Rotahaler * Device 

The following procedure wes followed to compare the inhalation properties of Ventolin Rotocaps'' (a 
commercially available fomiulation) vs. albuterd sulfate hollow porous microspheres formed in accordance 
with the present invention. Both prepartions were discharged from a Rotohaler" device into an 8 stage 
Andersen Mark II cascade impactor operated at a flow of 60L/min. Preparation of the dbuterol sulfate 
microspheres is described in Exemple X with albuterol sulfate deposition in the cescade impactor analyzed as 
described in Example XV. Approximately 300 fjq of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocep' gelatin capsules. The procedure described in the package insert for loading and 
actuating drug capsules with a Rotohaler*" device was followed. Ten actuations were discharged from the 
device into the impactor. A 30 second intervel was used between each actuation. 

The results comparing the cascade impactor analysis of Ventolin Rotocaps* and hollow porous 
albuterol sulfete microspheres discharged from e Rotohaler'' device ere shown in Table VI Immedietely below. 



Table Vil 



Sample 


MMAD 


Fine Perticle Fraction 


Fine Perticle Dose 




I6S0) 


% 


(mcgfdose) 


Ventolin Rotacap5''(n-2) 


7.869 


20 


15 




(1.8064) 






Albuterol Sulfate 


4.822 


63 


60 


Microspheres (n - 3) 


(1.9082) 







The hollow porous albuterol sulfate powder delivered from the Rotohaler'* device had a significantly 
higher fine particle fraction |3-foldl and a smaller MMAD value as compared with Ventolin Rotocaps^ In this 
regard, the commercially available Ventolin Rotocap" formulation had a fine particle fraction (FPF) of 20% and 
a fine perticle dose (FPD) of IS/zg/actuation, whereas the hollow porous albuterol sulfete microspheres had a 
FPF of 63% and a FPD of BOjug/ actuation. 

The example above exemplifies the excellent flow and aerodynamic properties of the sprey-dried 
powders delivered from a Rotahaler" device. Moreover, this example demonstrates that fine powders can be 
effectively delivered without carrier particles. 

XXIII 

Webijlization of Porous Partic ulate Structures Comorisinn 
Phospholipids and Cromolyn sodium in PerfluorooctvlB^pr^e 
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usinffaMicroMlst WebuljOT 
Forty miUigrBms of the lipd based microspheres contaiiiing 50% cromolyn sodium by weight (as from 
Example XIII were dispersed in 10 ml perfhiorooctylethane (PFOEI by shaking, fomiing a suspension. The suspension 
was nebiiized until the fluorocarbon liquid was delhrered or had evaporated using e MicroMist (DeVilbiss) disposable 
nAulizer using s PdmoAide* air compressor (DeVBbiss). As described ebove in Example XV, an Andersen Cascade 
Impactor was used to measure the resulting particle size distribution^ More specifically, cromolyn sodium content 
was measured by UV adsorption at 326nm. The fine partide fraction is the ratio of particles deposited in stages 2 
through 7 to those deposited in all stages of the impactor. The fine particle mass is the weight of material deposited 
in stages 2 through 7. The deep lung fraction is the ratio of particles deposited in stages 5 through 7 of the impactor 
(which correlate to the alveol9 to those deposited in ell stages. The deep lung mass is the weight of material 
deposited in stages B through 7. Table VIII immedately below provides a summary of the results. 



Table VIII 



Fine particle fraction 


fine particle mass 


deep lung fraction 


deep lung mass 


90% 


Bma 


75% 


5mg 



XXIV 

WebulKation of PnrmM Particulate Structuraa Cnmnriann 
PhosDholimds and Cmmolvn Soifiiim in Perf luorooctvlethanB 
usino a Raindrop* Webuiizer 
A quantity of ipid based microspheres contaring 50% cromolyn sodium, as from Example XII, weighing 40 
mg was dupersad in 10 ml parfluorooclylathanB (PFOEI by shaking, thereby fanning a suspension. The suspension 
was nebulized until the fluorocerbon liquid wes delwered or had evaporated using e Raindrop* dsposabie nebuGzer 
(Nellcor Puritan Bennet) connected to e PubnoAide* air compressor (DeVilbiss). An Andersen Cascade Impector wes 
used to measure the resulting particle size distribution in the m«iner described in Examples XV and XXIIi. Table IX 
immediately below provides e summery of the resets. 



Table IX 



Fine particle fraction 


fine particle mass 


Deep lung fraction 


deep lung mass 


90% 


4mg 


80% 


3mg 



XXV 

Webulizatipn of Aouanus Cromolyn Sodium Solution 
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The contents of plastic vial containino a unit dose inhalation solution of 20 mg of cromolyn sodium in 2 ml 
purified water (Dey Laboratories) wss nebuGzed using a MicroMist disposable nebdizar (DeVflbiss) usmg e PulmoAide* 
air compressor (DeVOUssl. The cromolyn sodum solution was ndiulized for 30 minutes. An Andersen Cascede 
Impector was used to measure the resulting size distribution of the nebulized particles, by the method described 
S ebove in Exemple XV. TeUe X irnmedetely below provides e stmmsry of the residts. 



Table X 



fine pffllicle fraction 


fine partidemass 


Deep lung fraction 


Deep lung mess 


90% 


7ma 


60% 


5mn 



With regard to the instant results, it will be appreciated that, the formulations nebulized from fluorocarfaon 
suspension mediums in Examples XXIII and XXIV provided a greater percentage of deep lung deposition than the 

10 aqueous solution. Such high deposition rates deep in the lung is particularly dearable when delivering agents to the 
systemic drciiation of a patient. 

Those skilled in the art will further appredate that the present invention may be emboded in other specific 
forms without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
invention cfisdoses only exemplary embodiments thereof, it is to be understood that, other variations are 

1 S contemplated as being within the scope of the present invention. Accordngly, the present invention is not limited to 
the particular embodiments which have been described in detail herdn. Rather, reference should be made to the 
appended claims as indicative of the scope and content of the inventioa 
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1. Use of a bioactive agent in the manufacture of e medicament for pulmonary de&very whereby 
the medicament comprises e plurality of perforeted microstructures which are aerosolized using an inhalation device 

5 to provide aerosolized medicament comprising said bioactive egent wherein sad aerosolized mod cement is in e form 
administration to at least a portion of the nasal or pulmonary w passages of e patient in need thereof. 

2. The use of claim 1 wherein said inhalation device comprises s metered dose inhaler, a dry 
powder inhaler or a nebtiizer. 

3. The use of cleim 1 wherein said perforated microstructures ere in the f omi of a dry powder. 

10 4. The use of daim 1 wherein said perforated microstructures ere dspersed in e nonaqueous 

suspension meiSum. 

5. The use of any of dams 1 to 4 wherein said perforeted microstructures comprise e surfactant 

6. The use of daim 5 wherein said surfactant is selected from the group consisting of 
phosphdipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

1 S surfactants and combinations thereof. 

7. The use of claims 5 or 6 wherein seid surfsctant is a phospholipid. 

8. The use of dam 7 wherein said phosphdipid is sdected from the group consisting of 
ditsuroylphosphatidylcholine, dideylphosphatidylchdine, dipdmitoylphosphstidylchdine, 
disteroylphosphatidylcholine, dibehenoylphosphatidylchdine, dierachidoylphosphatidylchdine end 

20 combinations thereof. 

9. The use of any of daims 1 to 8 wherein the meen eerodynamic diameter of the perforated 
microstructures is between 0.5 end B //m. 

10. The use of eny of daims 1 to 9 wherein said perforeted microstructures have e bulk 
density of less than about 0.5 gfcml 

25 11. The use of any of daims 1 to 10 wherein said perforeted microstructures hove e meen 

geometric diameter of less than about 5 //m. 

12. The use of any of daims 1 to 11 wherein said bioacthre agent is sdected from the group 
consisting of antiallergic^ bronchodiletors, pulmonsry lung surfectants, andgestcsr entibiotics, leukotriene inhibitors 
or antagonists; antihistamines, antinflammatories, antineoplastics; antichoEnergics, anesthetics, enti-tuberculers, 

30 imeging egent^ cardiovascular agents, enzymes, sterdds, genetic meterid, vird vectorSr antisense agents, pratdn$, 
peptides and combinations thereof. 

1 3. A method for f onning a perforeted nncrostructure comprising the steps of: 
providing a liqiid feed stock comprising an active ^nt; 

atomizing sad liqud feed stock to produce dispersed liquid droplets; 
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drying said Gquid droplets undw predstermined conditions to form perforated microstructures comprising 
said active agent; and 

collecting said perforated microstructures. 

14. The method of daim 13 wherein said feed stock comprises e blowing agent, 
S 1 5. The method of daim 14 wherein said blowing agent comprises a nonfluorinated oil. 

16. The method of daim 14 wherein said blowing agent comprises a fluorinated compound. 

1 7. The method of deim 1 6 wherein said fluorinated blowing agent has a boSing point greater than 
about 6(PC. 

18. The method of any of dms 13 to 17 wherein said feed stock comprises a coOddd system. 
10 19. The method of any of daims 1 3 to 1 8 wherein said feed stock comprises s surfactant 

20. The method of ddm 19 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

21 . The method of daim 1 9 or 20 wherein said surfactant is a phosphdipid. 

1 5 22. The method of daim 21 wherdn said phospholipid is sdected from the group consisting of 

dilauroylphosphatidylcholine, dideylphosphatidytchdine, dipalmitoylphosphatidylchdine, 

(fisteroylphosphatidylchdine dibehenoylphosphatidylchdine, diarachidoylphosphatidylcholine and combinations 
thereof. 

23. The method of eny of daims 13 to 22 wherein said cdlected perforated microstructures 
20 comprise hdlow porous nucrospheres. 

24. The method of any of claims 13 to 23 wherein the mean aerodynamic diameter of ssid 
collected perforated microstructures is between 0.5 and 5 //m. 

25. The method of any of claims 13 to 24 wherein ssid perforated microstructures have a 
mean geometric diameter of less than about 5 /m. 

2S 26. The method of any of daims 13 to 25 wherein said active agent comprises a bioactive 



27. The method ddm 26 wherein said bioacth/e agent is selected from the group consisting of 
antiallergics, bronchodlators, pulmonary lung surfactants, andgesics, antihotms, leukotriene iidiiUtors or 
antagonists, antihtstemines, antiinflammatories, antineoplastics, antkholinergics, anesthetics, anti-tuberculars, 

30 imaging agents cardiovascular agents, eniymes, steroids, genetic materid, viral vectors, antisense agents, proteins, 
peptides and combinations thereof. 

28. The method of any of daims 13 to 27 wherein said atomization step is sccoriiplished using e 
spray dryer. 

29. A perforated microstructura fomied eccording to any one of dsms 1 3 to 28. 
35 30. A method for increasing tha dispersibilty of a powder comprising the steps of: 
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providing a liquid feed stock comprising an active agent; and 

spray drying said liquid feed stock to produce e perforated microstructure powder having a bulk 
density of less than about 0.5 gjcm' wherein said powder exhibits reduced van der Weals attractive htCBs when 
compared to a relatively non-porous powder of the seme compositioa 
S 31 . The method of daim 30 wherein said fiquid feed stock comprises a blowing qent 

32. The method of daim 31 wherein said blowing agent comprises e nonfluorinated oD. 

33. The method of daim 31 wherein said blowing agent comprises a fluorinated compound. 

34. The method of daim 33 wherein said fluorinated compound has a bding point of greater then 
about 60''C. 

1 0 35. The method of eny of daims 30 to 34 wherein said feed stock comprises a surfactant 

36. The method of daim 35 wherein said surfactant is sdected from the group consisting of 
phospholipids, nonionic detergents; nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfectents end cmnbinations thereof. 

37. The method of daim 35 or 36 wherein ssid surfactant is a phospholipid. 

I ^ 36. The method of daim 37 wherein said phospholipid is selected from the group consisting of 

dilauroylphosphatidylcholine, dideylphosphetidylchdine, dipalmitoylphospbatidylchdine, 

disteroylphosphatidylchaline dibehenoylphosphatidylcholine, diarachidoyiphosphatidylchdine and combinations 
thereof. 

39. The method of any of daims 30 to 38 wherein said perforated microstructures comprise hdlow 
20 porous microspheres. 

40. The method of any of daims 30 to 39 wherein said active agent comprises a bioactive agent 

41. The method daim 40 wheran said bioactive egent is selected from the group consisting of 
antiaHergics, bronchodiiators, pulmonary lung surfactants, anafgesics, antiisotics, leukotriene inhibitors or 
antagonists, antiNstamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, antituberculars, 

25 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors;, antisense agents, proteins, 
peptides and combinations thereof. 

42. A perf oreted mkmistructure powder fomied eocordng to any one of daims 30 to 41 . 

43. A powder having increased dispersibility comprising s plureGty of perforated microstructures 
having a bulk density of less than about 0.5 gfcm^ wherein said perforated microstructure powder comprises en 

30 active agent. 

44. The powder of daim 43 wherein said powder comprises hdlow porous microspheres. 

45. The powder of deims 43 or 44 wherein the mean aerodynamic diameter of seid perforated 
microstructures is between 0.5 and 5 /m. 

46. The powder of any of daims 43 to 45 wherein seid perforated microstructures have s 
3 5 mean geometric diameter of less than about 5 fm. 
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47. The powder of any of claims 43 to 46 wherein said perforated microstructures comprise a 
surfactant 

48. The powder of claim 47 wherein said surfectant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfectants, biocompatible fluorinated 

S surfactants and combinations thereof. 

49. The powder of claim 47 or 48 wherein said surfactent is a phospholipid. 

50. The powder of daim 49 wherein said phospholipid is selected from the group consisting of 
dSauroylphosphatidylchoGne, dideylphosphatidylchaline, dipalmitoylphosphatidylcholine, 
disteroyiphosphatidylcholine dibehenoylphosphstidylcholine, diarachidoylphosphatidyicholine and combinations 

10 thereof. 

51. The powder of daim any of daims 43 to SO wherein said active agent is a bioactive agent. 

52. The powder of daim 51 wherein said bioactive agent is selected from the group consisting 
of antiallergics, bronchocfiletors, pulmonary lung surfactants, analgesics, antibiotics, laukotriene inhibitors or 

IS antagonists, antihistamines, antiinflammatories, antineoplastics, antichofinergics, anesthetics, snti- 
tuberculers, imeging agents, cardiovascular agents, enzymes, steroids, genetic materiel, viral vectors, 
anti^nse agents, proteins, peptides and combinations thereof. 

53. An inhalation system for the pulmonary administration of a bioactive agent to a patient 
comprising: 

20 an inhalation devbe comprising a leservob; and 

a powder in said reservoir wherein said powder comprises e plurality of perforeted 
microstructures hsving a bulk density of less than about 0.5 gfcm^ wherein said perforated microstructure 
powder comprises a bioactive egent whereby said inhalation device provides for the eerosolized administration of 
said powder to et least a portion of the nasal or pulmonary air passages of e patient in need thereof. 
25 54. The system of daim 53 whmn said inhalation device comprises a dry powder inhaler, a metered 

dose inhaler or a nebulizer. 

55. The system of dsim 53 wherein seid perforeted microstructures are cfispersed in e nonaqueous 
suspension medhim. 

56. The system of dam 55 wherein said nonaqueous suspension medium comprises a fluorinated 
30 compound. 

57. The system of any of daims 54 to 56 wherein said perforated microstructures comprise e 
surfactant. 

58. The system of daim 57 wherein said surfactant is selected from the group consisting of 
phosphdipids, nonionic detergents, nonionic block copdymers, ionic surfactants, biocompatible fluorinated 

3 S surfactants and combinations thereof. 



-69- 



wo 99/16419 



PCTAJS98/20602 



59. The system of deiins 57 or 58 wherein said surfactant is a phospholipid. 
80. The system of any of claims 54 to 59 wherem said bioactive agent is selected from the group 
consisting of antiallergics; bronchodlators; pulmonary lung surfactantSr analgesics, antibiotics; leukotriene inhiiritors 
or antagordsts, antihistamines, antiinflammatories, antineoplastics, antichoinerglc^ anesthetics, anti-tuberculars, 
imaging agents, cardiovascular agents enzymes, steroid^, genetic mateiial, viral vectors, antisense agents, proteins, 
p^tides and combinations thereof. 

61 . A method for the pulmonery deliv^ of one or mora bioactive agents comprising the steps of: 
providing a powder comprising a plurality of perforated microstructures having a bulk density of less 
than about 0.5 g/cm' wherein said perforated microstructure powder comprises a bioactive egent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
achunistering a therapeutically effective amount of said aerosoized medicament to at least a portion of the 
nesal or pulmonary air passages of s patient in need thereof. 
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